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Abstract  of  Paper        *  ••• 

The  dielectric  strength  of  air,  oil  and  solid  insulat*on£/wi^' 
determined  for  d-c.  voltages  up  to  160  kv.  '  •••'  ; 

The  d-c.  visual  corona  voltage  is  practically  equal  to  the  maxi-  • 
mum  a-c.  corona  voltage  for  wires  varying  in  radius  from  0.013 
cm.  to  the  largest  sizes.  The  variation  of  d-c.  and  a-c.  corona 
voltages  with  air  density  is  the  same  over  a  large  range.  The 
laws  already  given  for  a-c.  voltages  apply  equally  well  for  d-c. 
voltages  in  terms  of  maximum  values. 

The  spark-over  of  gaps  is  the  same  on  alternating  current  and 
direct  current  for  equal  maximum  voltages  when  the  gap  is  such 
that  spark-over  precedes  corona.  Thus,  for  the  sphere  gap  the 
same  laws  apply  for  a-c.  or  d-c.  voltages.  This  is  true  at 
various  air  densities. 

When  corona  precedes  spark -over  there  is  generally  a  difference 
in  a-c.  and  d-c.  spark-over  voltages.  For  a  non-symmetrical 
gap,  spark-over  at  normal  air  density  takes  place  at  the  lowest 
voltage  when  the  electrode  surrounded  by  the  denser  field  is  (-h). 
At  low  air  densities  spark-over  takes  place  when  the  electrode 
surrounded  by  the  denser  field  is  (— ). 

Insulators  spark-over  at  the  lowest  voltage  when  the  cap,  or 
electrode  surrounded  by  the  denser  field,  is  (+)•  The  (-h) 
spark-over  voltage  generally  corresponds  closely  to  the  maxi- 
mum a-c.  spark-over  voltage. 

The  d-c.  spark-over  voltages  in  oil  generally  correspond  closely 
to  the  maximum  a-c.  spark-over  voltages.  In  wet  oil  the  d-c. 
spark-over  voltage  is  lower  than  the  a-c. 

The  d-c.  breakdown  voltages  of  solid  insulations,  in  good 
condition,  are  generally  higher  than  the  maximum  a-c.  voltages. 
This  is  especiaUy  so  when  the  time  of  application  is  long  and  the 
insulation  is  thick.  The  d-c.  breakdown  voltage  on  insulations 
tested  apparently  increases  directly  with  the  thickness,  while 
the  a-c.  breakdown  voltage  increases  at  a  lesser  rate.  Laws 
are  given. 

When  the  insulation  is  moist,  the  d-c.  and  maximum  a-c. 
breakdown  voltages  are  generally  approximately  the  same. 

It  appears  that  high-voltage  direct  current  would  be  useful 
in  certain  high- voltage  cable  testing,  etc. 


HIGH  CONTINUOUS  or  '*  direct-current  "  voltages  were 
obtained  from  the  60  cycles  alternating  by  means  of  a 
kenotron  rectifier  in  combination  with  condensers  and  inductance 
coils.*     A  sketch  of  the  connections  used  is  given  in  Fig.   1. 

1.  These  tests  were  made  with    kenotrons   loaned   by  Dr.  Dushman 
of  the  Research  Laboratory  of  the  General  Electric  Company. 
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Abstract  of  Paper        '  ••■ 

The  dielectric  strength  of  air,  oil  and  solid  ir.i-iiii'-^zS/rL' 
determined  for  d-c.  voltages  up  to  150  kv.  *  *.. 

The  d-c.  visual  corona  voltage  is  practically  equal  i-:  z±t  =ii:- 
mum  a-c.  corona  voltage  for  wires  var\-ing  ir.  raii-s  :r:—  Ovli 
cm.  to  the  largest  sizes.  The  variation  of  d-;.  ani  i-;  -:r:rj. 
voltages  with  air  density  is  the  same  over  a  large  ranf*.  Tzt 
laws  already  given  for  a-c.  voltages  apply  ec'.ially  x*C  :zz  i~-_ 
voltages  in  terms  of  maximum  values. 

The  spark-over  of  gaps  is  the  same  on  aitena:i:i^  i^rr*:::  i=.i 
direct  current  for  equal  maximum  voltages  irhec  u*  {iz  ^  i:z:l 
that  spark-over  precedes  corona.  Thus,  for  th*  iz'zitrt  ^iz  lit 
same  laws  apply  for  a-c.  or  d-c.  voltages.  Z'zzi  2i  :ra*  i: 
various  air  densities. 

When  corona  precedes  spark-over  there  :•  rwiSil^  i  ii:f*r*r.  :^ 
in  a-c.  and  d-c.  spark-over  voltages.  Fir  l  tiic-i-t:— rtfi-^i; 
gap,  spark-over  at  normal  air  density  i&i«<  tiai-t  sr  -^it  jiV*-- 
voltagc  when  the  electrode  surrounded  ty  :b*'iss..j!r  itsii  >:  -1 
At  low  air  densities  spark-over  takes  p:li-j»  -riia  ^z^^  *i^~-r'-t 
surrounded  by  the  denser  field  is  T—  . 

Insulators  spark -over  at  the  lower,  r-.izi^  Ttrs  -^tt  -^r    -- 
electrode   surrounded   by   the  denser  ZitLL    ..     —        7'--    — 
spark-over  voltage  generally  corresi*'..! i:    ji-.-bs-  -■   -.;:]**—-<». 
mum  a-c.   spark-over  voltage.  '  *"'' 

The  d-c.  spark-over  voltages  in  lil  jtrntrLl  ■  .zrr?s:rzrr.r  -  .-*',^- 
to  the  maximum  a-c.  spark-over  v-./uj**-  1-  iPir:  -^*  'z^"-'  ■ 
spark-over  voltage  is  lower  thar.  :'-*  t--.  '   "'■ 

The   d-c.   breakdown   voltages  -/  i.-^ii:   r-^in^^j-j^  ^       .  „- 
condition,  are  generally  higher  :Lar  -.ii*  -rz^-^—^rr^  ^.   ,.v *''''* 


are  given.  ■"" * 


When   the  insulation  is  r:'.c:ri    :.--    ,.     ^, 

breakdown   voltages  are  ge'*ri.:      ir,ir  jzrzi/^-'^y"  ' . 

It  appears  that  high- vol -.i^tr  -Irrr  ~-r~  t.---  -"'^-J 
in  certain  high-voltage  ca:,!*:  *.v.r.r:c  -?._  ""    '"' 

HIGPI  CONTINUOUS    -.r     i-r^..^--^^  ■    .  ,.. 
obtained  from  the  */■  '■  -..^  izi-rrir- -- 

kenotron  rectifier  in  con: V>.i;-.:--:  --:-  ^rju^z^  -^j. 
coils.  ^     A   sketch  of  the  V7:.-:*rr^---T   -r-^^    - 


I.   These  tests  were  rr.t--    »::-     ..-;. — ^. 
of  the  Re--earili  Lab«.<ra*. -. - 


-.-r^.1. 
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PERK:  HIGH  COSTISVOUS   VOLTAGES         IJunc  2!» 
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The  condensers  are  cliar^ed  ujj  to  tlie  maximum  of  the  alterna- 
ting voltage  wave.  They  remain  at  this  voltage  if  there  is  no 
leakage,  and  no  power  is  being  taken  at  A,  If  current  flows  at 
A  the  condensers  become  partly  discharged  between  the  nuud- 
mums  of  two  waves  and  there  is  a  double  frequency  ripple  oo 
top  of  the  "  d-c.  "  voltage  across -4  ■  With  a  given 
taken  at  A  the  amplitude  of  thi§  fi"pple.iiecreases  with  ii 
condenser  capacity  and.inc:3?feaaing  inductance.  With  a 
capacity  and  indu^tai^e'\tKe'  ripple  decreases  with 
current  at-,  i4.;' ^Vith^'a  given  condenser  and  inductance 
amplitude  of  thfe'  ripple  decreases  with  increasing  supply 

;quency.t'»  'The  variation  is  less  for  connection   la  than  \h. 

•^ig:  2  is  an  oscillogram  of  a  wave  taken  with  connection  as  shown 
in  Fig.  la  and  0.05  amperes  flowing — 60-cycle  supply.     (This 
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Fig.  1 — Condenser  Capacity   =  0.064  Microfarad 


is  many  times  the  current  flowing  in  the  following  tests.)  Since 
in  the  following  tests,  the  current  flowing  up  to  breakdown  was 
practically  negligible,  there  was  no  appreciable  ripple  on  the 
voltage  wave.  Voltage  was  first  measured  with  a  static  volt- 
meter, and  by  maximum  of  the  wave  on  the  voltmeter  coil. 
When  no  power  was  taken  the  static  voltmeter  checked  with  the 
maximum  of  the  alternating  wave,  and  later,  with  sphere-gap 

measurements. 

Air 

Sphere  Gaps,  Sphere-gap  curv'^es  were  taken  on  6.25-  and  12.5- 
cm.  spheres.  The  continuous,  or  d-c,  voltage  required  to 
spark  over  a  given  gap  was  found  to  be  \/2  times  the  required 

2.  See  discussion  by  Dr.  Hull,  G.  E.  Review,  March  1916. 
The  author  wishes  to  acknowledge  indebtedness  to  Mr.  B.  L.  Stemmons 
for  his  skillful  assistance  in  making  experiments  and  calculations. 


Fi  ..  2— Wave  of  Rectified  Voltage  (25  kv.,  0.05  Auperb.  7-28-15). 

Note:  There  wu  no  appreciable  ripple  in  volUget  uted  in  ths  teat).  When  the  atwve 
otcillosTui  wai  takeD  ■  comparatively  large  current  wai  allowed  to  flow  in  order  to  eus' 
lerate  the  ripple. 
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effective  sine  wave  alternating  or  a-c.  voltage,  that  is,  the  d-c. 
spark-over  voltage  and  the  a-c.  maximum  voltage  are  equal. 
See  Fig.  3.  This  is  true  for  various  air  densities  as  shown  in 
Fig.  4.  The  d-c.  spark-over  voltage  curve  of  a  sphere  may, 
therefore,  be  calculated  from  the  formula  already  given  for 
a-c.  voltages.* 


/    "E' 

/  ^' 

s                  ^  i  -- 

^.                    v2 

S                 ? 

1.            i 

»    Z            "   T- 
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Fig,  'A — A-C.  .\nd  D-C.  Spark-      I'i«.  4— Sp.vrk-over  Voltages  of 

I1VI£K  VuLTA<iE£S    FnH    Rl'HEHES  2.o4    CM.    SPHEkES    AT    VARIOUS 

.Air  Densities 


X  =  spacing  in  cm. 

s  __     3.!>2  A  h  —  barometric  pressure  in  cm. 

273  -V  t  t  =  temperature,  deg.  cent. 

R  =  sphere  radius  in  cm. 


"^{± 


(See  reference  below.) 


3.   F.   W.   Ctok.  Jr..   7A«  Sphfrr  Cifi  us  a   Means  of  Mfusuring  lUch 
Vollagti.     Tkans.  a.  1.  E.  I!..  V..I,  XXXIII,  1914,  p.  923. 
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This  voltage  may  also  be  found  by  multiijlyin 
voltages  given  by  the  standard  curve  by  V2. 

Needle  Gaps.     The  d-c.   needle  pap  spark- 
responds  approximately  to  the  maximum  a-c. 


TABLE  1. 

NU      D-C.     SPARK. OVER     VOLTAt 

2/0  \EEDLES  IN  AIR. 


over  a  considerable  ranj^e.  At  the  hijiher  vali 
spark-o\fer  voltage  seems  to  be  less  than  iV 
nating.     The  results   are  plotted  in  Fij;.  .5. 
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THE   EFFECT   OF  HIG^ri  .(CONTINUOUS  VOLTAGES   ON 

AIR,  OIL,  AStT>S0LlD  INSULATIONS 


••   • 

.•      •      •  «! 

•       •   •  • 


BY  F.  W.  PEEK/JR;    :  ; 


•  •    •    -• 


.  * . 


Abstract  of  Paper        "  •'.  •       /     .  .^ 

The  dielectric  strength  of  air,  oil  and  solid  insula{'Qn£/VgSx' 
determined  for  d-c.  voltages  up  to  150  kv.  *  •••'  ; 

The  d-c.  visual  corona  voltage  is  practically  equal  to  the  maxi-  • 
mum  a-c.  corona  voltage  for  wires  varying  in  radius  from  0.013 
cm.  to  the  largest  sizes.  The  variation  of  d-c.  and  a-c.  corona 
voltages  with  air  density  is  the  same  over  a  large  range.  The 
laws  already  given  for  a-c.  voltages  apply  equaUy  well  for  d-c. 
voltages  in  terms  of  maximum  values. 

The  spark-over  of  gaps  is  the  same  on  alternating  current  and 
direct  current  for  equal  maximum  voltages  when  the  gap  is  such 
that  spark-over  precedes  corona.  Thus,  for  the  sphere  gap  the 
same  laws  apply  for  a-c.  or  d-c.  voltages.  This  is  true  at 
various  air  densities. 

When  corona  precedes  spark-over  there  is  generally  a  difference 
in  a-c.  and  d-c.  spark-over  voltages.  For  a  non-symmetrical 
gap,  spark-over  at  normal  air  density  takes  place  at  the  lowest 
voltage  when  the  electrode  surrounded  by  the  denser  field  is  (-f ). 
At  low  air  densities  spark-over  takes  place  when  the  electrode 
surrounded  by  the  denser  field  is  (— ). 

Insulators  spark -over  at  the  lowest  voltage  when  the  cap,  or 
electrode  surrounded  by  the  denser  field,  is  (+).  The(+) 
spark-over  voltage  generally  corresponds  closely  to  the  maxi- 
mum a-c.  spark-over  voltage. 

The  d-c.  spark-over  voltages  in  oil  generally  correspond  closely 
to  the  maximum  a-c.  spark-over  voltages.  In  wet  oil  the  d-c. 
spark-over  voltage  is  lower  than  the  a-c. 

The  d-c.  breakdown  voltages  of  solid  insulations,  in  good 
condition,  are  generally  higher  than  the  maximum  a-c.  voltages. 
This  is  especially  so  when  the  time  of  application  is  long  and  the 
insulation  is  thick.  The  d-c.  breakdown  voltage  on  insulations 
tested  apparently  increases  directly  with  the  thickness,  while 
the  a-c.  breakdown  voltage  increases  at  a  lesser  rate.  Laws 
are  given. 

When  the  insulation  is  moist,  the  d-c.  and  maximum  a-c. 
breakdown  voltages  are  generally  approximately  the  same. 

It  appears  that  high-voltage  direct  current  would  be  useful 
in  certain  high-voltage  cable  testing,  etc. 

HIGH  CONTINUOUS  or  "  direct-current  "  voltages  were 
obtained  from  the  60  cycles  alternating  by  means  of  a 
kenotron  rectifier  in  combination  with  condensers  and  inductance 
coils.^     A  sketch  of  the  connections  used  is  given  in  Fig.   1. 

1.  These  tests  were  made  with    kenotrons   loaned    by  Dr.  Dushman 
of  the  Research  Laboratory  of  the  General  Electric  Company. 
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The  negative  glow  voltage  will  thus  generally  be  read  higher 
than  the  positive  glow  voltage.     The  spark-over  voltages  are 


ma  tioes  not  iireceik'  sparJ 


TABLE  111. 
D-C.    A\D   A-C,    VISUAL    CORONA    VOLTAtlEU 
(CoKCtNtiiic  CvLiNoeiis  *i  Vabiohs  Am  Densirits) 


ler 
ire 

1 


- 

ft/' 

' 

kvlmnm-l 

D-c. 
Wv- 

kv. 

A-c. 

+ 

Ik 

3.913 

a.  110 

0  0S73 

0  0573 
0  0573 

50  S 

ii 

Z', 

[1  tna 
Unas 

,(1  Tao 

IS  S 

13  5 

IS  T 

5  8 

7S 

511  0 

30  0 

6«  6 

1*  5 
34  7 
2<0 

over.     Where  corona   precedes  sparkover 
higher  than   the   a-c.     The  d-c.   spark-ove 
when  the  wire  or  conductor  of  the  greatest  II 
This  is  shown  in  Fig- li. 


■oltage   i« 
h   higher 


(CONCB 

TR1C  CV 

LINDERS  » 

I  V*»io 

vsAi» 

)EN«nrE 

.1 

,.L. 

..;.,. 

.. 

A*. 

„-, 

„-. 

Ac. 

D-c, 

D-e, 

cyl.nil.r 

cm. 

cm. 

kvlmsi.) 

kv. 

kv. 

(m.ix,l 

kv  cm. 

kv  cm. 

0.230 

V2   1 

]  m 

30.0 

;io<) 

311  U 

:.o  5 

,-,1)  r, 

51)  f.     . 

i  nil 

i  Z 

!!  v:!;! 

!■'  1 

(),7»7 

11 

-■'  ' 

Hi 

i; 

TtI 

";,; 

/^/<-<7  of  A  ir  Density  on  Corona  ami  Sp,irk-o-.rr  of  117 
visual  curnna  iiii<l  sjiark-over  vollajjos  were  iiKMSinvtl 
centric  cylinders  at  various  iiir  densities.  An  huUt  e; 
t.:lrissn.aiedwiLh  llio  fo-l  was  nse.l  lor  these  lesls.  Th 
cxh:nisu-[l  :nid  ilie  (Xirona  and  sj>ark-uver  voltages 
,iL  diiTLiTiu  air  i)ressurcs.  The  aj>|iaratus  was  the 
thai    used    iii    a-i.-.    tests    and  already  desmhed^     Tl 
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are  given  in  Tables  III,  IV  and  V,  and  plotted  in  Figs.  7  and  8. 
The  data  in  Tables  III  and  IV  show  that  the  maximum  a-c. 
and  the  d-c.  visual  corona  voltages  correspond  down  to  5  =  0.3. 
The  difference  is  not  great  even  at  6  =  0.08.  The  difference  at 
the  lower  values  of  5  may  be  due  to  the  difficulty  in  dftermininj; 
the  exact  starting  point  in  these  cases. 

TABLE  V. 

D-c.  AND  A-C.  SPARK-OVER  VOLTAGES. 

(CoHCEHimc  CvLiHDgns  *i  Variois  Air  Dkksitihs.) 


cylinder 

rad[u> 

K,' 

fll>  cy,  kv. 

"; 

l)-c. 

290 

0  239 
0  239 
<).23t 
0  239 

0  239 

in 

:i 

12  r, 

M\    1 

17  2 
i2  It 

'1  l 

Spark-over  data  are  given  in  Table  V  for  a  0.239-cm.  wire. 
At  the  higher  values  of  6  the  positive  spark-over  voltage  is  lower 
than  the  negative  and  closely 
follows  the  maximum  a-C,  The 
]K>sitive  seems  to  be  slightly 
higher  than  the  negative  for 
very  low  values  of  5. 


XX 

1 — r: 

"JfSA 

T 

y'  1 

1" 

^mu 

Pig.  7 — Variation  of   A-C.    am.         Fji;,  .S— D-C.    Sp.\kK-()Vi.K    ui- 
D-C.    Visual     Corona     Voltai.l^     C<)n<.i:ntkii   Cyli.ndhhs    at    V.\- 

WITH  AlB  DE^SITY  RKll  S  .\|R    Dlnsitiks 

These  tests  show  that  the  furmula  already  given  for  a-c. 
corona  may  tilso  be  used  for  (\-c.  corona  over  a  wide  range  of 
wire  diameter,  air  density,  etc,^  The  d-c.  corona  voltage  is 
f  Corona  ami  Dielrclru  Slrenglh  of  Ah      aTT. 
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practically  equal  to  the  maximum  a-c.  corona  voltage  over   a 
large  range  of  conductor  diameters. 
The  d-c.  visual  corona  voltage  in  kilovolts  is 


Cv  =  gvT  log. 


R 


wire  in  a  cylinder 


Where 


e.  =  2g^r  log. 


R 


parallel  wires 


gtr  =  ^o5  (1  +  -y|=-)  ^-  P^r 


cm. 


where      ^o 

^0 


b  = 


31  (concentric  cylinders) 
30  (parallel  wires) 

3.92  6 


273  +  / 


b  =  barometric  pressure  cm. 
t  =  degrees  centigrade. 


Surface  Spark-over  of  Insulators.  Spark-over  tests  were  made 
on  several  standard  insulators  shown  in  Fig.  9.  The  results  are 
given  in  Table  VI.  The  spark-over  voltage  is  highest  when 
the  cap  or  electrode  around  which  the  field  intensity  is  highest 
is  (— ).  This  checks  with  the  impulse  tests.^  When  the  cap  is 
(+)  the  d-c.  spark-over  voltage  generally  very  nearly  coincides 
with  the  maximum  a-c.  spark-over. 

TABLE  VI. 
SURFACE  SPARK-OVER  OF  SUSPENSION  INSULATORS. 


D-c. 

kv. 

Insulator 

60  cycle 

number 

kv.  (max.) 

cap  -f 

cap  — 

1 

116.0 

117.5 

127.6 

2 

90.0 

99.0 

106.0 

3 

126.0 

132.0 

139.0 

4 

111.5 

128.0 

135.0 

5 

119.0 

128.0 

135.0 

Oil 


The  "  corona  ''  and  spark-over  characteristics  of  oil  are  very 
similar  to  those  of  air.     Practicallv  the  same  laws  are  followed 


7.  F.   W.    Peek,   Jr.,    The  Effect  of   Transient    Vottages  on   Dielectrics. 
A.  I.  E.  E.  Trans.,  Vol.  XXXIV,  1915. 
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for  a-c.  voltages  in  both  oil  and  air*    This  apparent!}'  also  holds 
for  d-c. 

Needle  gap  spark-over  voltages  for  oil  are  given  in  Table  VII 


TRANSIL  OIL  AT  2S  I 


N-«dl>  i>p 

eo  cycle 

D-t. 

cm. 

kv.  (tn«.) 

kv,  (m>i,) 

0,317 

31,2 

21. T 

33  a 

1  ;i7 

SO  S 

i.ei 

HS.O 

flOO 

2  M 

82,5 

and  plotted  in  Fig,  10.     The  d-c,  voltages  correspond  to  the  a-c 
maximum. 

The  effect  of  moisture  on  the  strength  of  oil  for  a-c.  and  d-c 
voltages  is  given  in  Table  VIII  and  Fig.  II. 


1                        f 

§^-0:^ 

"::z:  :::::  ::___ 

":^:::::::::i::: 

■m  1 1 1 1 1 H  H  I4#j 

When  the  oil  is  wet  the  d-c.  breakdown  voltage  is  lower  than 
the  a-c.  breakdown  voltage.  This  is  probably  due  to  lining  up 
of  water  particles  under  direct  current. 

8.  P.  W.  Peek.  Jr.,  Lav  of  Corona  and  Spark-over  in  Oil.  G.  E.  Review, 
August,  1015,  also  Dielectric  Phenomena  in  Hith-Vollate  Eniineerint- 
Cfakp.  IV. 


PEEK:  HIGH  CONTINUOUS  VOLTAGES 


[June  29 


Solid  Insulations 
In  air  and  in  oil  there  is  no  appreciable  loss  until  local  break- 
down occurs  in  the  form,  of  corona  or  brushes.     In  solid  insula- 
tions loss  starts  as  soon  as  voltage  is  applied  and  generally   in- 


I    TRANSIL    OIL 


Pin<  wiKr 

flO  cycle  kv. 

.ddM  in  10.000 

(m...) 

D-c.  lev. 

62  3 

61  G 

^          33,4 

34.3 

2  0 

30.2 

100 

28.4 

230 

creases  as  the  square  of  the  voltage.  The  heating  which  results 
increases  the  loss  and  weakens  the  insulation.  Practically  all 
solid  insulations  absorb  moisture.  The  interstices  in  the  non- 
homogeneous  structure  become  filled  with  moisture  and  gases. 


:^^fe 


ffltt 


Fig.  11 — Effect  of   Moisture  on   Disruptive  Strength  ( 
Transil  Oil  At  25  Dec.  Cent. 


This  makes,  in  effect,  not  only  a  complicated  arrangement  of 
resistances,  but  also  of  resistances  and  capacities  in  series  through- 
out the  material.  Where  the  conducting  paths  extend  through 
from  terminal  to  terminal,  either  alternating  or  direct  current 
can  flow.     But  where  the  conducting  paths  extend  partly  through 
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the  structure  they  are,  in  effect,  resistances  in  series  with  capac- 
ities; only  alternating  current  can  flow  through  these  paths. 
The  effective  resistances  as  measured  by  alternating  current  and 
by  direct  current  are  quite  different  except  in  those  solid  insula- 
tions in  which  the  **  conducting  **  paths  are  arranged  from  ter- 

TABLE  IX. 

VARIATION  OF  60-CYCLE  PUNCTURE  VOLTAGE  WITH  TIME  OP  APPLICA- 
TION ON  VARNISHED  CAMBRIC. 

Tbsts  Between  2.5-in.  Plates.  H-in.  Radius  Edge,  in  No.  6  Transil  Oil. 


Temperature 

Sheets 

Thickness 

kv. 

Time 

deg.  cent. 

in. 

mm. 

(max.) 

sec. 

25 

1 

0.30 

24.8 

2.3 

(12  mils) 

21.3 
19.5 
17.7 
15.9 
14.2 

12.0 

17.3 

41.5 

198.0 

900.0 

100 

1 

0.30 

14.5 
13.2 
12.6 
12.0 
10.8 
9.9 

2.0 

7.0 

11.0 

25.0 

620.0 

1400.0 

25 

2 

0.60 

29.8 
26.7 
25.6 

213.0 

700.0 

1418.0 

25 

3 

0.90 

53.0 
45  2 
42.5 
41.7 
38.9 
37.1 

8.0 

51.5 

80.0 

138.0 

370.0 

905.0 

25 

4 

1.20 

69.3 
65.0 
64.3 
55.8 
53.0 
50.8 
47.3 

4.0 
13.0 
15.0 
39.0 
80.0 
155.0 
580.0 

minal  to  terminal.  The  voltage  distribution,  heating,  etc., 
will  generally  not  be  the  same  for  a-c.  and  d-c.  voltages.  In  the 
homogeneous  materials,  air  and  oil,  d-c.  breakdown  voltages 
correspond  to  the  maximum  60-cycle  a-c.  breakdown  voltages. 
In  most  solid  insulations  relatively  higher  d-c.  values  should  be 
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expected,  especially  in  insulations  where  the  a-c.  and  d-c.  **  re- 
sistances "  are  decidedly  different. 

Varnished  Cambric.  Because  of  the  effects  of  heating  due  to 
losses.  voltajj;e-time  curves  are  necessary  in  order  to  compare  the 
strengths  of  solid  insulations.     A-c.  and  d-c.  voltage-time  cixrves 


TABLE  X. 

VARIATION  OF  DC.  PUNCTURE  VOLTAGE  WITH  TIME  OP  APPLICATION 

ON     VARNISHED     CAMBRIC. 

Tests  Brtwekn  2.6-in  Platbs.  l\-w.  Radius  Edge,  in  No.  6  Transil  Oil. 


Temperature 

Sheet 

Thickness 

kv. 

Time 

deg.  cent. 

in. 

(max.) 

sec. 

26 

1 

0.30 

28.8 
27.2 
26.6 
23.8 
22.1 
20.4 
18.8 

8.3 

20.0 

54.0 

94.0 

363  0 

668.0 

6400.0 

100 

1 

0.30 

21.0 
20.3 
19.6 
18.6 
17.0 
16.9 
15.2 

1.6 

2.0 

88.0 

72.0 

600.0 

470.0 

1020.0 

26 

2 

0.00 

62.6 
60.0 
47.0 

26.0 

60.0 

230.0 

26 

3 

0.90 

80.3 
77.6 
77.2 
76  6 

68  0 

130.0 

360.0 

1400.0 

26 

4 

1.20 

127.2 
120.0 
116  2 
110.0 
107.5 
106.0 

7.0 

16.0 

46.0 

100  0 

186.0 

330.0 

104.6 

730.0 

were  taken  on  varnished  cambric.  The  insulation  under  test 
was  placed  in  transil  oil  between  5-cm.  diameter  brass  plates 
with  rounded  edges.  A  given  voltage  was  applied  and  time  noted 
until  breakdown  occurred.  The  break-down  voltages  for  vari- 
ous  thicknesses   of    varnished    cambric   in  the    approximately 
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s  given  in  Tables  IX  and 


uniform  field  between  parallel  plates  i: 
X  and  plotted  in  Figs.  12  and  13. 

Fig.  12  shows  that  the  d-c.  puncture  voltage  for  a  given  thick- 
ness of  cambric  and  for  a  given  time  of  application  is  higher  than 
the  maximum  a-c.  puncture  voltage.  Fig.  13  shows  that  both 
the  a-c.  and  d-c.  puncture  voltages  decrease  with  increasing 
temperature.  (The  tempera- 
ture referred  to  is  that  of  the 
oil  bath  in  which  the  insula- 
tion is  immersed.) 


J  LU!  UX 

•^^-i: L-tisir- 

1  T~j  r 

4»i  Jai. 

S^^^-L-Ll    y^-^,^,X 

■^-.-r-:— i . i— l;;:_'^^-_|„ 

■  ■  ■  :  '    ■  ■  ;    !  i  ;  : 

Pig.  12— Variation  of  D-C.  and  Fig.  13 — Effect  of  Teupera- 

A-C.    Puncture    Voltages    with  ture  on  the  A-C.  and  D-C.  Dis. 

Time  of  Application — Varnished  ruptive  Strength  of  Varnished 

Cambric  Caubric 


The  curves  between  puncture  voltage  and  time  are  closely 
approximated  by  the  equation' 


T  the  unit  strength  by 


■i/Tf 


</t) 


</Ti 


kv,  per  mm. 


e  =  puncture  voltage  in  time  T,  kilovolts  (max.) 

T  =  time  in  seconds. 

tt  =  puncture  voltage  for  T  =   =>,  kv.  (max.) 

g  =  breakdown  gradient  in  time  T,  kv.  per  mm. 

|c  =  breakdown  gradient  in  7"  =   m  ,  kv.  per  mm. 

a   =  constant  depending  upon  the  kind  and  thickness 
of  the  insulation  and  the  frequency, 
fl.  P.  W.  Peek,  Jr.,  Elrclricai  Characteristics  of  Solid  Insulation,  G.  E. 
Reiriew,  November,  1915.     Also  Dielectric  Phenomena  in  High-Voltage 
Engineering.  Chap.  VII. 


796 


PEEK:  HIGH  CONTINUOUS  VOLTAGES         [June  29 


This  equation  seems  to  hold  well  for  a  range  of  time  between 
r  =  1  and  2"  =   00 .     The  breakdown  voltage  is  plotted  with 

-y=  in   Fig.   14.     The    result    is  a  straight  line  from  which 

the  above  relation  is  obtained. 

In  Fig.  15  the  a-c.  and  d-c.  breakdown  voltages  of  varnished 


TABLE  XI. 

A-c.    AND    D-C.    PUNCTURE    VOLTAGES   OP   VARNISHED    CAMBRIC    FOR 
VARIOUS  THICKNESSES  AND  TIME  OP  APPLICATION 


Time  of  application,  seconds 


00 


100 


50 


10 


Sheets 


Thickness 
mm. 


0.30  a-c. 
0.30  d-c. 

0.60  a-c. 
0.60  d-c. 

0.90  a-c. 
0.90  d-c. 

1.20  a-c. 
1.20  d-c. 


Kilovolts  to  puncture 
(max.) 


11.0 
18.0 

20.0 
43.0 

30.0 
70.0 

37.0 
96.0 


16.5 

17.5 

20  5 

23.5 

24.5 

27.5 

31.0 

33.0 

30.0 

49.5 

51.0 

65  5 

42.0 

45.0 

52.0 

79.0 

81.0 

86  0 

62.0 

55  0 

64.0 

111.0 

114  0 

123.0 

Gradient  kv.  per  mm.  (max.) 


0 

30 

a-c. 

0 

30 

d-c. 

0 

60 

a-c. 

0 

60 

d-c. 

0 

90 

a-c. 

0 

90 

d-c. 

1 

20 

a-c. 

1 

.20 

d.c. 

36.6 
60.0 

33  3 
72.0 

33.3 
77  5 

30.0 
80.0 


55.0 

58.5 

68.5 

75.0 

82.0 

92.0 

51.5 

55.0 

65.0 

82.0 

85.0 

92.0 

46.5 

50.0 

57.9 

87.5 

90.0 

95  5 

43.3 

45.8 

53.2 

92.5 

95.0 

102.0 

25.5 
32.5 

47.0 
62.5 

62.0 
95  0 

78.0 
137.0 


85.0 
108.0 

78.0 
104.0 

69.0 
105.0 

65.0 
106  0 


cambric  for  the  time,  T  =  oo ,  are  plotted  with  thickness.  As 
r  =  » ,  this  is  the  highest  voltage  that  the  insulation  will 
withstand  indefinitely  without  puncture.  For  this  material, 
at  thicknesses  from  0.3  mm.  to  1.2  mm.,  the  puncture  voltage  in- 
creases directly  with  the  thickness,  that  is,  the  d-c.  unit  break- 
down strength  or  gradient  is  constant.     The  unit  strength  of 
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solid  insulations  under  a-c.  voltages  decreases  with  increasing 
thickness.     For  a-c.  voltages"* 
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■  g.< 
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For  d-c.  voltages  apparently 

£  =  go 

e  =  go( 
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Pig.  14 — Variation  of  A-C.  and  D-C.  Puncture  Voltages  with  Tiue 

4  ihects  (1.20  mtp.)     Varnished  cambric  voltage  plotted  with  I/VT. 


e  =  breakdown  voltages  of  thickness  /. 

t  =  thickness  in  mm. 

g  =  unit  strength  for  thickness  (,  in  kv.  per  mm. 
go  —  constant 

a    =  constant  depending  upon  the  kind  of  insulation, 
time  and  frequency. 

The  curves  in  Fig.  16  correspond  to  those  in  Fig.  15  for  T  =  2 
seconds. 

It  can  be  seen  from  the  above  relations  that  the  ratio  between 
the  d-c.  and  a-c.  puncture  voltages  for  solid  insulations  cannot 

10.  F.  W.  Peek,  Jr..  Etettrical  Characteristics  of  Solid  Insulation,  G.  B. 
Review,  November  1915.  Also  Dielectric  Phenomena  in  High-Voltage 
Engineering. 
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be  constant  but  must  increase  with  increasint;  thickness  of  insu- 
lation, especially  where  the  time  of  application  is  long.  This  is 
shown  graphically  in  the  ratio  curves  in  Figs.  15  and  16.  Thus, 
in  Fig.  16,  where  the  time  is  two  seconds,  or  relatively  short,  the 
d-c.  puncture  voltage  very  nearly  corresponds  to  the  a-c.  maxi- 
mum puncture  voltage  where  the  thickness  is  not  great.  In 
Fig.  15,  where  the  time  is  a  maximum,  the  d-c.  puncture  voltage 
is  2.5  times  the  a-c.  maximum  puncture  voltage  or  3.5  times  the 
a-c.  effective  voltage  for  a  thickness  of  1.2  mm. 

Some  of  the  d-c.  puncture  values  (Tables  X  and  XI)  for  single 
sheets  of  cambric  apparently  have  a  lower  unit  strength  than  a 
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Fio.    15 — Variation    of    A-C.  Fig.    16 — Variation    of    A-C. 

AND   D-C.  Breakdown   Voltage         and  D-C.   Breakdown  Voltage 
WITH  Constant  Time  with  Constant  Time 


greater  number  of  sheets.  This  is  undoubtedly  due  to  a  greater 
probability  of  weak  spots  on  a  single  sheet.  Results  of  the  same 
consistency  cannot  be  expected  or  obtained  on  solid  insulations 
as  on  gaseous  and  liquid  insulations. 

The  thickness  range  of  the  insulation  in  the  above  tests  was 
not  great;  it  was  limited  by  the  available  voltage  (150  kv.  direct 
current).  It  is  possible  that  the  d-c.  unit  strength  will  not  remain 
approximately  constant  over  a  wide  range. 

Wei  Insuialions.  Some  2.4-mm.  (3/32-in.)  treated  press- 
board  was  soaked  in  water  and  then  partly  dried  out.  A-c.  and 
d-c.  tests  were  made  on  this  poor  insulation.  The  results  are- 
given  in  Table  XII. 
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6  kv.  was  thrown  on  the  insulation,  after  the  first  minute 
the  voltacje  was  increased  to  7.5,  then  to  10,  etc.,  until  breakdown 
occurred.  If  breakdown  occurred  before  the  end  of  the  minute 
the  time  was  recorded  in  seconds.  For  example,  in  the  first  a-c. 
test,  insulation  No.  6  withstood  the  voltage  for  60  seconds  at  5.0 
kv.,  60  seconds  at  7.5  kv.  and  5  seconds  at  10  kv.  when  breakdown 
occurred.  It  will  be  noted  that  the  d-c.  and  a-c.  maximum  break- 
down voltages  average  about  the  same  in  this  insulation,  which 

TABLE  XII. 
A-c.  AND  D-C.  TESTS  ON  WET  INSULATIONS 
0.24-CM  (3/32-in.)     Vacuum  Treated  Prbssboaro. 
(Soaked   in   water  and   partly   dried.) 

Kilovolts  max.) 
5.0  7.5         10.0       12.5       15.0       17.5       20.0       225 


Ins. 

Megohms 

test 

res. 

no. 

TIME  (Figures  show  time  in  seconds  at  various  voltages.) 


(120)   a-c.   /60       60     5 
60       60     50 


{ 
{ 
{ 
{ 

{ 


d-c. 


9  (300  .  1500)  a-c. 


d-c. 


4  (1000  -  a)  a-c.   /  60       60     50 

60       60     50 


60 

60 

12 

60 

60 

20 

60 

60 

60 

60 

60 

60 

60 

17 

60 

60 

40 

60 

60 

38 

d-c.   J  60       60     60     60     17 
60       60     30 


5  (2000  -i-  )      a-c.      /  60  60  60  60  60  60  60  10 

60  60  60  60  60  60  30 


{ 
( 


d-c.      j  60  60  60  60  60  0 

60  60  60  60  0 

was  conducting:  from  terminal  to  terminal.  In  some  of  the  testg, 
in  fact,  breakdown  takes  place  at  a  lower  voltage  on  direct 
current  than  alternating  current.  This  is,  perhaps,  due  to 
a  better  lining  up  of  moisture  by  direct  current.  Some  of  this 
insulation,  dry  and  in  perfectly  good  condition,  was  then  tested 
in  the  same  way.  Starting  at  5  kv.  the  voltage  was  Increased 
every  60  seconds  in  2.5-kv.  steps  until  breakdown  occurred; 
breakdown  resulted  on  alternating-current  when  70  kv.  (max.) 
was  reached;  on  direc -current  when  130  kv.  was  reached. 
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Similar  tests  were  made  on  sections  of  paper-insulated  cables 
that  had  absorbed  varying  amounts  of  moisture.  In  those 
sections  in  the  worst  condition  as  indicated  by  low  puncture 
voltages,  the  d-c.  and  a-c.  maximum  puncture  voltages  averaged 
about  the  same.  In  the  sections  in  the  best  condition  the  d-c. 
puncture  voltage  was  somewhat  higher  than  the  maximum  a-c. 
voltage. 

There  is  considerable  difficulty  in  practise  in  making  a-c. 
voltage  tests  on  long  lengths  of  cables,  due  to  the  size  of  the 
apparatus,  which  is  necessarily  large  on  account  of  charging 
current.  The  necessary  kilovolt-amperes  often  amount  to 
several  hundred.  The  wave  shape  is  often  distorted  by  the 
leading  current,  the  apparatus  is  difficult  to  move  about  etc. 
D-c.  tests  would  eliminate  these  difficulties,  as  very  small  appara- 
tus would  be  required,  providing  such  tests  would  detect  faulty 
sections,  etc.  It  cannot  be  said  that  a  given  d-c.  voltage  is 
equivalent  to  a  given  a-c.  voltage.  The  above  tests  indicate, 
however,  that  faulty  sections  of  cable  could  be  as  equally  well 
located  by  d-c.  tests  as  by  a-c.  tests.  In  cases  of  cracks,  etc. 
the  air-  or  compound-filled  space  would  be  broken  down  at  the 
same  maximum  voltage  on  direct  current  or  alternating  current. 
In  case  of  a  fault  due  to  moisture  the  breakdown  would  appar- 
ently take  place  at  about  the  some  voltage,  alternating  current  or 
direct  current.  In  the  case  of  a  cable  in  good  condition  there 
would  be  much  less  likelihood  of  injury  by  direct  current  than 
by  alternating  current  of  the  same  maximimi  voltage.  A  d-c. 
voltage  equal  lo  the  maximum  of  the  a-c.  test  voltage  would, 
therefore,  seem  suitable  for  such  tests. 
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Discussion  on  **The  Effect  of  High  Continuous  Voltages 
ON  Air,  Oil  and  Solid  Insulations'*  (Peek),  Cleveland, 
Ohio,  June  29,  1916. 

John  B.  Whitehead:  We  have  again  to  acknowledge  our 
debt  to  Mr.  Peek  for  a  most  valuable  contribution  to  our  knowl- 
edge of  the  electric  strength  of  air,  and  now  also  that  of  liquid 
and  solid  insulation. 

Referring  to  Mr.  Peek's  observations  on  the  comparison  of 
alternating  and  continuous  voltage  at  which  corona  appears^ 
I  have  recently  been  conducting,  in  conjunction  with  Mr.  W.  S. 
Brown,  a  series  of  similar  experiments.  The  results  of  these 
experiments  show  some  variation  from  those  obtained  by  Mr. 
Peek. 

The  expressions  for  the  critical  corona  voltage  in  terms  of 
the  diameter  of  the  conductor,  as  given  by  Mr.  Peek 
and  as  given  in  my  several  papers  on  *'The  Electric  Strength 
of  Air,"  differ  somewhat  but  not  widely.  Experiments  by  Farwell 
and  others  on  corona  forming  continuous  potentials  differ  as 
between  positive  and  negative  potentials,  and  reveal  some 
question  as  to  whether  there  is  any  agreement  between  alter- 
nating and  continuous  corona  potentials.  In  view  of  these  dif- 
ferences our  experiments  have  aimed  to  take  alternating  and 
continuous  observations  on  the  same  apparatus,  imder  the  same 
conditions  and  with  the  electroscope  and  such  other  precautions 
as  to  measurement  as  would  insure  accurate  results.  The  method 
used  for  obtaining  d-c.  potential  is  the  same  as  that  shown  by 
Mr.  Peek  in  the  lower  half  of  Fig.  1.  That  is,  we  have 
used  a  kenotron  with  one  side  of  the  circuit  grounded.  Our 
experiments  have  differed,  however,  in  the  method  of  measuring 
the  continuous  voltage.  For  this  we  have  used  a  standard 
d-c.  Weston  voltmeter,  with  series-connected,  non-inductive 
resistance  aggregating  a  million  and  a  half  ohms.  Mr.  Peek, 
apparently  has  depended  on  the  ratio  of  transformation  of  his 
high-tension  transformer  as  an  indication  of  his  d-c.  voltage. 
For  our  alternating  voltages  we  have  used  the  ratio  of  trans- 
formation of  the  transformer  together  with  careful  oscillo- 
grams on  the  low-tension  side  for  determining  the  maximtmi 
values. 

Our  results  show  a  marked  difference  between  positive  and 
negative  corona  voltages  for  a  range  of  wires  between  0.07  and 
0.23  cm.  diameter.  When  the  wire  is  negative  the  corona  forming 
voltage  within  this  range  varies  from  6  per  cent  to  about  2| 
per  cent  higher  than  positive.  Mr.  Peek  states,  as  shown  by 
Table  II  that  within  the  corresponding  range  and  in- 
deed throughout  the  entire  range  of  his  observations,  there  is 
no  difference  between  positive  and  negative  corona  forming 
voltage. 

Mr.  Peek,  as  usual,  has  contributed  a  most  interesting  paper. 
In  my  opinion  the  value  of  it  would  be  greatly  enhanced  if  it 
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• 
contained  a  better  description  as  to  the  conditions  of  acctiracy 
under  which  the  observations  were  taken.  For  example,  a  static 
voltmeter  seems  to  have  been  relied  on  for  the  continuous 
voltage  measurements.  My  experience  with  this  type  of  instru- 
ment leads  me  to  feel  that  it  is  far  from  accurate.  One  would 
also  Hke  to  know  the  general  conditions  under  which  the  maxi- 
mum value  of  the  alternating  voltage  was  determined  on  the 
low  voltage  side  and  how  often  throughout  the  range  of  voltage 
used.  No  statement  is  made  as  to  how  closely  any  of  the  obser- 
vations may  be  repeated.  In  connection  with  the  puncture 
tests  on  solid  insulation  it  would  be  particularly  interesting  if 
Mr.  Peek  has  been  able  to  secure  uniform  results  with  repeated 
observations  of  the  puncture  tests  on  single  sheets  of  material. 

One  must  always  envy  the  exceptional  facilities  which  Mr. 
Peek  is  able  to  bring  to  bear  on  his  experimental  problems. 
A  uniform  source  of  continuous  potential  up  to  150  kv.  offers 
promise  of  many  valuable  observations. 

William  Baum:  Whenever  the  subject  of  high  continuous 
voltages  has  come  up  in  the  past  in  the  engineering  societies 
it  was  admitted  with  regret  that  we  had  no  definite  data  on  d-c. 
corona  and  puncture  voltages.  We  know  now  with  certainty 
that  the  d-c.  puncture  voltage  is  2.5  times  the  a-c.  maximum 
puncture  voltage,  or  3.5  times  the  a-c.  effective  voltages  for 
an  insulation  thickness  of  1.2  mm.  where  the  time  of  test  is  a 
maximum. 

This  brings  back"  to  my  mind  the  old  claim  of  Mr.  Thury 
and  his  followers  that  an  effective  alternating  pressure  of  10,000 
volts  imposes  on  insulation  a  stress  of  the  same  order  of  magni- 
tude as  a  d-c.  pressure  of  25,000  volts. 

It  appears  now  that  Mr.  Thury  was  right  when  he  claimed 
that  d-c.  cables  require  less  insulation  than  a-c.  cables  designed 
for  the  same  voltage,  so  that  if  d-c.  voltage  has  advantage  of 
lower  disruptive  effects,  as  Mr.  Peek  has  shown  for  normal 
operating  conditions,  this  would  make  the  application  of  high- 
tension  d-c.  current  for  transmission  purposes  more  favorable. 
Indeed  the  Thury  system,  although  it  has  met  with  some 
criticism  in  this  country,  has  further  advantages  which,  I  believe, 
have  never  been  pointed  out  sufficiently  until  the  present  time. 

Without  wanting  to  go  into  the  details  of  the  high-tension 
d-c.  system  for  transmission,  I  take  this  opportunity  of  calling 
attention  to  the  multi-circuit  feature  which  makes  a  constant 
d-c.  system  especially  efficient  for  inter-connecting  a  number  of 
stations,  systems  or  net-works  for  the  transfer  of  power.  One 
of  the  most  important  applications  would  be  that  to  long  dis- 
tance railroading,  as  transcontinental  lines,  by  inter-connecting 
by  such  a  series  system  the  substations  of  the  railroad,  and  all 
available  sources  of  power  near  the  railroad. 

Mr.  Peek  has  suggested  the  testing  of  cables  by  direct  current, 
and  I  agree  with  him  that  faults  in  cables  installed  could  be 
found  just  as  easy  or  easier  with  direct  current  than  with  alter- 
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nating  current.  Anybody  who  has  had  to  do  with  cable  testing 
in  installations  appreciates  the  independence  of  the  source  of 
electric  power  which  would  exist  if  we  could  make  use  of  the 
kenotron  rectifier  described  in  the  paper  in  connection  with  a 
small  transportable  gasoline-electric  set,  or  similar  high-tension 
direct-current  rectifiers  which  have  been  in  use  abroad  for  a 
number  of  years,  and  which  are  known  as  the  Geoffroy  &  Delore 
and  Delon  apparatus.  In  fact,  the  Siemens- Schuckert  works 
have  made  puncture  tests  with  their  Delon  rectifier  which  check 
very  close  with  Mr.  Peek's  own  exhaustive  and  defined  experi- 
ments. 

I  believe  that  Mr.  Peek  should  continue  his  investigations 
and  extend  them  over  long  lines  of  cables  which  have  been 
installed,  so  that  no  doubt  may  arise  in  the  minds  of  those  who 
question  the  applicability  of  high-tension  direct  current;  for 
testing  purposes  and  transmission  systems. 

Stanley  Farwell:  I  can  remember  when  I  was  working  on 
corona  that  I  went  to  Mr.  Peek's  papers  and  Dr.  Whitehead's 
papers  and  used  them  more  or  less  as  text-books.  My  work  has 
been  entirely  with  direct-current  corona,  and  on  that  account 
I  am  unable  to  make  any  comparison  between  that  and  the 
alternating-current  corona.  In  my  work  it  did  seem  to  me  that 
the  d-c.  corona  lends  itself  better,  perhaps,  to  the  study  of  the 
physical  natiu^e  of  corona  than  does  the  alternating  current. 

In  the  work  I  did,  I  started  out  to  do  certain  definite  things, 
but  I  found  as  I  went  along,  the  things  I  started  to  do  got  further 
and  further  from  me,  because  I  ran  into  so  many  new  things 
that  apparently  had  not  been  explained.  I  went  to  one  of  the 
best  physicists  I  knew  and  got  him  to  try  to  help  me  out  on 
the  physical  explanation  of  the  formulas  such  as  are  given 
in  Mr.  Peek's  papers  and  Dr.  Whitehead's  papers  and  my  own. 
I  found,  after  a  while,  that  we  got  up  against  a  stone  wall. 

At  the  University  of  Illinois,  they  are  now  working  on  some 
further  experiments,  and  are  taking  different  gases,  trying  to 
study  them,  and  get  some  knowledge  of  the  physical  laws  under- 
lying corona.  I  used  air  entirely,  and  I  found  that  when  working 
with  parallel  cylinders,  the  change  in  the  composition  of  the  air, 
due  to  corona,  seemed  to  cut  quite  a  figure.  We  are  now  trying 
to  get  away  from  that  by  using  simple  gases. 

C.  E.  Skinner:  All  of  us  who  have  had  to  do  with  insulation 
and  insulation  testing  have  many  times  wished  we  had  available 
direct  current  so  that  we  could  get  away  from  some  of  the  com- 
plications which  constantly  beset  us  in  the  testing  of  insulation 
with  alternating  current.  We  have  variables  enough  without 
the  extras  that  come  in  due  to  the  variations  from  frequency, 
wave  form  and  things  of  that  kind.  Insulations  are  about  the 
most  difficult  things  to  investigate,  because  of  the  fact  that  there 
are  such  an  enormous  number  of  variables  coming  in  to  mask 
results. 

Our  own  work  has  been  more  along  the  line  of  the  measuring 
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of  the  losses  at  high  voltages.  The  condition  we  have  to  meet  in 
practise  is  that  we  have  stresses  due  to  alternating  current  and 
some  of  the  important  features  in  connection  with  this  phenom- 
enon are  in  connection  with  losses  which  occur  in  the  insulating 
material. 

For  some  time  I  have  had  some  experiments  going  on  with  a 
view  to  seeing  if  we  could  not  determine  beforehand  when  insula- 
tion was  in  condition  to  break  down,  before  it  actually  broke 
down.  All  of  our  early  work  was  based  on  breakdown  values 
after  the  breakdown  occurred,  and  I  am  very  pleased  to  see  that 
some  recent  work  indicates  the  possibility  of  predicting  very 
definitely  when  insulation  is  in  a  condition  to  break  down,  before 
it  actually  does  break  down,  by  a  fairly  simple  measurement 
of  power  factor  and  losses. 

Mr.  Peek's  paper  brings  out  a  new  method.  It  gives  us  a  new 
rule.  With  each  new  instrument  we  enter  a  new  field  of  investi- 
gation, and  I  am  very  sure  that  this  paper  marks  the  beginning 
of  a  very  important  era  of  work  along  these  general  lines. 

Chester  L.  Dawes:  Mr.  Peek  has  produced  some  very  inter- 
esting and  important  results,  but  I  should  like  to  add  to,  or 
amplify  some  of  the  explanations  which  he  presents.  In  Fig.  6 
which  shows  the  spark  over  between  concentric  cylinders, 
the  60-cycle  curve  gives  low  values  of  voltage  for  small  values  of  r; 
these  values  increase  to  a  maximum  with  increase  in  r  after  which 
they  decrease.  That  is,  the  greater  thickness  of  air  has  a  lower 
dielectric  strength  than  the  thinner  layer  until  a  certain  ratio 
of  R/r  is  reached.  At  first  this  does  not  seem  reasonable,  but 
the  following  explanation  to  me  seems  rational.    The  impressed 

voltage  ^^gx\og,,R/r 


0.434 

where  g  is  the  gradient  at  which  air  breaks  down,  and  x  is  the 
radius  to  the  air  where  the  gradient  is  g.  This  assumes  that 
the  corona  has  the  effect  of  increasing  the  diameter  of  the  con- 
ductor to  X.     If  this  assumption  were  correct  the  voltage  E 

could  be  increased  until  x  =  —  before  spark  over  would  occur. 

Therefore  it  would  seem  that  the  spark  over  voltage  would  be 

the  same  for  all  central  conductors  whose  radius  r  <  — .    That  is, 

-  c 

the   relation    if    plotted    would    be  similar  to  the  upper  d-c. 

curve  shown  in  Fig.  6.     However  the  corona  surrounding  the 

central  conductor  is  not  the  same  as  a  metallic  conductor  of  the 

same  diameter  for  no  corona  would  exist  about  the  metallic 

conductor.     The  corona  formation  about  the  smaller  wires  is 

emitting  ions  that  are  projected  into  the  outside  layer   of  air 

which  is  supporting  the  stress.     These  ions  produce  others  by 

collision,  etc.  and  the  outside  layer  of  air  breaks  down  at  a  much 

lower  voltage  than  it  would  if  the  corona  formation  had  acted 
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like  a  metallic  conductoi:.  The  smaller  wires  produce  a  larger 
number  of  these  ions  and  a  lower  spark-over  voltage  results 
as  shown  in  Fig.  6.  I  should  like  to  ask  if  any  reason  can  be 
given  for  the  d-c.  voltage  following  a  different  law  than  the  a-c. 
in  Fig.  6. 

As  Mr.  Peek  states,  solid  insulation  like  cambric  may  behave 
quite  differently  when  tested  with  d-c.  than  it  does  when  tested 
with  a-c,  which  partly  is  due  to  the  fact  that  the  insulation  is 
composed  of  an  infinite  number  of  minute  capacitances  and 
conductances  arranged  in  various  series-parallel  combinations. 
When  a  direct  current  is  impressed  across  a  piece  of  insulating 
material  there  is  an  initial  rush  of  displacement  current  which 
drops  off  very  rapidly  at  first  and  then  more  slowlyuntil  after  some 
time  it  reaches  an  essentially  constant  value.  This  decay  of 
current  is  almost  logarithmic.  It  may  be  several  minutes  before 
the  current  reaches  its  constant  value.  The  above  phenomenon 
is  often  called  ''absorption.**  It  is  due  to  the  minute  condensers 
constituting  the  insulation,  being  charged  through  high  resis- 
tances. Therefore  the  voltage  distribution  in  the  insulation 
will  be  materially  different  at  the  end  of  charge  than  it  is  at  the 
beginning  and  with  alternating  current.  At  the  end  of  charge 
the  distribution  is  determined  entirely  by  the  conductance 
relations  in  the  insulation  and  at  the  beginning  of  charge  and 
also  with  alternating  current  the  distribution  of  potential  is  de- 
termined almost  entirely  by  the  capacitance  relations  in  the  in- 
sulation. It  would  seem  reasonable  therefore  to  find  the  short 
time  d-c.  tests  checking  more  closely  than  the  a-c.  tests.  The 
fact  that  they  do  not,  I  should  say  was  due  to  the  fact  that  the 
period  of  two  seconds  or  so  was  long  enough  for  the  direct- 
current  distribution  of  potential  to  assume  very  nearly  the 
final  steady  state. 

The  author  shows  that  d-c.  breakdowns  are  practically  the 
same  as  the  a-c.  breakdowns  when  the  insulation  has  a  low 
resistance.  Outside  the  question  of  the  alignment  of  moisture 
particles,  I  believe  that  the  explanation  lies  again  in  the  manner 
in  which  the  potential  distributed  itself  through  the  insulation. 
When  the  resistance  is  low  the  a-c.  distribution  of  potential  is 
determined  more  by  resistance  than  it  is  by  capacitance,  so  the 
breakdown  should  be  more  nearly  the  same  as  it  is  with  direct 
current.  This  is  also  true  in  transil  oils.  The  best  grades  have 
a  much  lower  insulation  resistance  than  other  well-known  solid 
insulators.  Also  the  oil  molecules  being  mobile,  can  quickly 
arrange  themselves  to  make  the  capacitance  a  maximum. 
Therefore  little  "absorption"  can  be  found  in  oils. 

I  should  not  recommend  that  direct  current  be  used  for  testing 
cables  except  perhaps  in  a  few  instances.  It  might  be  applied 
to  homogeneous  single-conductor  cables  provided  that  sufficient 
allowance  be  made  to  account  for  unknown  hysteresis  effects 
and  the  foregoing  factors.  I  believe  that  the  heating  is  neg- 
ligible at  ordinary  frequencies.    It  would  be  out  of  the  question 
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to  test  graded  cables  and  the  ordinary  twin-conductor  and 
multi-conductor  cables  with  direct  current,  as  the  voltage  dis- 
tribution throughout  the  various  insulations  \^  hen  in  service  is 
determined  by  the  capacitance  relations,  whereas,  in  the  d-c. 
testing  it  would  be  determined  by  conductance  relations. 

Clayton  H.  Sharp:  As  I  understand  it,  Mr.  Peek  advocates 
the  use  of  continuous  voltage  for  cable  testing  for  the  reason 
that  under  certain  conditions  the  continuous  voltage  is  more 
severe  on  the  cable  than  the  alternating  voltage,  whereas  yester- 
day, he  objected  to  the  use  of  the  high-frequency  oscillatory 
voltage  in  testing  transmission  insulators  for  the  same  reason. 

John  B.  Taylor:  Has  comparison  been  made  between  the 
voltage  as  determined  by  the  transformer  ratio;  by  electrostatic 
voltmeter:  and  by  what,  at  first  sight,  would  be  the  normal  way 
to  measure  the  high  d-c.  voltages, — plenty  of  resistance  and  stand- 
ard d-c.  voltmeter? 

In  work  with  extra  high-voltage  alternating  current  there  has 
been  much  doubt  as  to  the  correctness  of  the  values  of  high  volt- 
ages, so  it  is  surprising  to  see  in  a  presentation  of  d-c.  high-volt- 
age experiments  the  reliance  which  is  placed  on  a-c.  instruments, 
ratio  of  transformation  and  the  electrostatic  voltmeter. 

The  Thury  system  of  d-c.  series  high-voltage  transmission  of 
power  has  been  referred  to.  Service  experience  in  Europe  ex- 
tending over  a  number  of  years  has  demonstrated  the  practica- 
bility of  working  underground  cables  and  other  insulators  under 
continuous  voltages  higher  than  has  been  attempted  with  alterna- 
ting current.  This  advantage  of  the  Thury  system  from  the  in- 
sulation standpoint  has  been  well  recognized  and  there  are  other 
advantages  such  as  opportunity  to  save  copper  by  using  earth- 
return  circuit  without  inductive  disturbances  to  telegraph  and 
telephone  lines.  Lack  of  flexibility  in  distribution  to  many  con- 
sumers unfortunately  has  interfered  with  more  general  introduc- 
tion of  the  system.  Mr.  Peek's  curves  in  Figs.  12  and  13  indicate 
how  much  more  a  cable  may  be  expected  to  stand  under  d-c. 
stress  than  a-c.  stress.  Similar  tests  should  be  made  on  com- 
pleted cable  samples  containing  splices  and  for  much  longer  time 
than  the  1500  seconds. 

Continuous  high  voltages  (higher  even  than  the  150  kv.  of 
the  paper)  have  long  been  available  from  *'friction"  and  "in- 
fluence" electrostatic  machines.  Large  numbers  of  small  storage 
cells  have  been  connected  up,  and  series  of  small  d-c.  generators 
have  been  assembled  for  experiments  and  testing  at  voltages  at 
one  time  regarded  extremely  high.  The  complication  of  many 
small  d-c.  generators  and  the  bulk,  unreliability  and  small  power 
output  from  static  machines  possibly  makes  the  use  of  a-c.  gen- 
erators with  step-up  transformer  and  rectifying  **kenetron"  the 
most  practicable  high  continuous  d-c.  experimental  device. 

Cable  failures  occur  principally  at  splices  due  to, — cracked 
insulation  from  bending  and  handling ;  damaged  insulation  from 
overheating  (drying  out,  soldering,  lead  wiping,  or  hot  compound) ; 
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insufficient  insulation  thickness  or  poorer  grade  at  splice  than  in 
run  of  the  cable;  introduction  of  moisture;  presence  of  air  cavi- 
ties (possibly  at  reduced  pressure  resulting  from  contraction  of 
compound  on  cooling.) 

These  diflferent  weaknesses  probably  have  different  ratios  for 
standing  a-c.  and  d-c.  stresses.  Particularly  an  air  space  in  the 
field  between  conductors  might  be  expected  as  result  of  con- 
tinued thermal  or  chemical  local  action  to  fail  more  readily  on 
a-c.  stresses.  Mr.  Peek  suggests  testing  cables  with  direct  cur- 
rent of  value  equal  to  maximum  of  accepted  a-c.  testing  values. 
His  results  in  Figs.  12  and  13  would  seem  to  call  for  a  higher 
direct  current  than  this.  Perhaps  twice  the  effective  a-c.  voltage 
would  be  comparable. 

F.  W.  Peek,  Jr. :  Referring  to  the  questions  of  Dr.  Whitehead 
and  Mr.  Taylor,  the  voltages  were  checked  by  means  of  a 
known  liquid  resistance  in  series  with  a  milliammeter,  and  also 
by  a  known  resistance  in  series  with  an  oscillographic  vibrator, 
across  the  high- voltage  lines. 

Dr.  Sharp  misunderstood  my  remarks  on  "high  frequency." 
I  think  my  meaning  will  be  clear  when  reference  is  made  to  the 
written  discussion.^  I  did  not  condemn  high-frequency  tests, 
as  such,  but  gave  an  illustration  to  show  how  easy  it  is  to  mis- 
interpret the  results  of  such  tests. 

I  have  not  advocated  direct  current  for  cable  testing.  I 
have  simply  pointed  out  that  it  looks  very  promising,  for 
the  following  reasons: 

I.  Air,  oil  and  insulating  liquids  break  down  at  d-c.  voltages 

equal  to  the  maximum  a-c.  voltages. 
II.   Solid    insulations    containing   moisture    break  down  at 
approximately  the  same   maximum   voltages   on   alter- 
nating and  direct  current. 

III.  Solid  insulation,  in  good  condttiotiy  require  a  direct-cur- 
rent voltage  much  higher  than  the  maximum  alternating- 
current  voltage  to  cause  breakdown. 

It  thus  seems  that  most  faults  will  be  located  equally  well 
on  a-c.  or  d-c.,  if  a  d-c.  voltage  equal  to  the  maximum  of  the  a-c. 
testing  voltage  is  used.  This  follows  because  large  cracks  filled 
with  air  or  oil  will  be  broken  down  at  the  same  maximum  voltage 
on  a-c.  or  d-c.  (see  I  above) ;  wet  insulation  will  break  down  at 
approximately  equal  voltages  on  a-c.  or  d-c.  (see  II  above) ;  injury 
is  much  less  likely  to  occur  to  solid  insulation  in  good  condition 
on  d-c.  (see  III  above). 

Although  the  laboratory  tests  indicate  very  promising  results, 
I  believe  it  important  that  practical  experience  be  gained  in 
the  field,  before  recommendations  are  made  for  extensive  or 
general  use  of  this  form  of  testing.  Naturally,  the  principal  use 
of  the  d-c.  test  would  be  in  the  field  where  a  portable  set  is  nec- 
essary.   All  cables  should  be  given  the  a-c.  test  in  the   factory. 

1.  Discussion  of  papers  of  Messrs.  Creighton  «ind  Marvin,  Cleveland, 
Part  1  this  volume. 
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When  the  fault  occtirs  in  the  cable  it  is  often  desirable  to 
burn  it  out  to  low  resistance  so  that  its  position  can  later  be 
located  by  a  bridge.  Our  laboratory  tests  indicate  that  this  can 
be  done  with  the  d-c.  testing  set.  The  time  required  to  bum  out 
a  fault  in  this  way  depends  upon  the  condition  of  the  sheath. 
If  the  sheath  has  been  broken  open  a  greater  time  will  be  required 
than  if  the  sheath  is  intact.  The  time  will  vary  from  1  to  5 
minutes. 

In  making  the  d-c.  corona  tests  we  found,  as  a  rule,  that  the 
visual  corona  point  was  quite  sharp  and  definite  when  the  wire 
was  positive.  When  the  wire  was  negative,  however,  it  was 
often  quite  difficult  to  determine  this  point  definitely.  The 
slightest  surface  irregularities  cause  the  negative  corona  to 
brush  at  fairly  low  voltage.  It  is  quite  possible  that  the  negative 
corona  voltage  is  a  few  per  cent  higher  than  the  positive  corona 
voltage,  the  exact  difference,  however,  if  there  is  any,  will 
depend  to  a  considerable  extent,  upon  the  observer  and  what  is 
defined  as  the  critical  point. 

L.  T.  Robinson:  I  think  one  of  the  greatest  advantages  in 
cable  testing  by  direct  current  is  that  you  can  get  along  without 
an  undue  amount  of  apparatus — you  are  required  to  furnish 
only  the  energy  for  testing  the  cable  and  not  a  big  charging  cur- 
rent, and  therefore  you  do  not  need  a  big  50-kw.  transformer 
to  test    a  small  cable,  but  maybe  a  3    or    5-kw.    transformer, 
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THE  CORONA  VOLTMETER 


BY  J.  B.  WHITEHEAD  AND  M.  W.  PULLEN 


Abstract  of  Paper 

An  instrument  is  described  in  which  the  first  appearance  of 
corona  is  used  as  a  measure  of  the  applied  voltage. 

Three  methods  for  detecting  the  first  appearance  of  corona 
have  been  developed,  in  addition  to  the  method  of  visual  observa- 
tion. These  methods  involve  the  use  of  the  electroscope,  the  gal- 
vanometer, and  the  telephone  respectively. 

For  a  given  wire,  in  fixed  relation  to  the  opposite  side  of  the 
circuit,  corona-forming  voltage  depends  on  the  density  of  the 
air,  that  is,  on  the  pressure  and  temperature.  •  The  corona 
voltmeter  consists  of  a  grounded  metal  cylinder,  with  a  central 
conductor  on  which  corona  is  formed.  Both  cylinder  and  con- 
ductor are  enclosed  in  a  larger,  air-tight  cylinder,  in  which  the 
pressure  can  be  varied  by  a  hand  pump.  This  variation  in 
pressure  provides  the  means  by  which  a  wide  range  of  voltage 
reading  is  possible.  The  calibration  of  the  instrument  is  abso- 
lute, that  is,  can  be  calculated,  or  may  be  obtained  by  compari- 
son with  existing  standards. 

The  voltmeter  is  set  for  a  given  voltage  by  adjusting  the  pres- 
sure to  a  value  calculated  from  the  dimensions  of  the  instrument 
and  taken  from  a  calibration  table  or  curve.  When  the  ascend- 
ing voltage  reaches  the  value  for  which  the  voltmeter  is  set, 
corona  begins,  and  this  is  sharply  indicated  by  any  one  of  the 
three  methods  mentioned.  To  measure  an  unknown  voltage, 
the  pressure  is  gradually  lowered  from  some  higher  value  and 
is  read  at  the  instant  corona  appears.  A  table  of  calculated 
values,  or  a  calibration  curve  then  gives  the  unknown  voltage. 

Tests  showing  the  constancy  and  permanence  of  the  instru- 
ment are  described. 


Introduction 

DURING  a  number  of  years'  intermittent  experiment  on  the 
phenomena  attending  the  electric  break-down  of  air,  one 
of  the  most  striking  observations  has  been  the  extreme  sharp- 
ness, in  an  ascending  range  of  voltage  values,  with  which  this 
break-down  occurs  in  the  form  of  corona  on  clean  round  wires. 
Under  suitable  conditions  of  observation,  critical  voltage  read- 
ings repeat  themselves  to  an  accuracy  equal  to  that  within 
which  the  usual  direct  reading  instrument  c^n  be  read,  i.e.,  of 
the  order  of  one-tenth  of  one  per  cent.  This  fact  has  led  one  of 
the  authors  in  his  papers^  describing  the  experiments,  to   point 

1.   For  references  see  bibliography  at  end  of  paper. 
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several  times  to  its  value  as  a  method  for  measuring;  hij^h  volt- 
age. It  lias  been  shown  beyond  ({ucstion  that  ihe  appearance 
of  corona  depends  on  the  maximum  value  of  the  alternating 
current  wave. 

That  the  visual  appearance  of  corona  mij^ht  be  used  as  a 
means  of  measurement  of  the  maximum  value  of  the  volta^'c  wave 
was  apparently  first  suggested  by  H.  J.  Ryan'  in  his  notable 
paper  of  1904.  His  sugj;estion,  however,  does  not  seem  to  have 
extended  beyond  the  visual  observation  of  the  lifiht  given  out 
by  corona,  which  naturally  is  only  visible  in  darkness.  Re- 
liance on  v-isuai  observation  therefore,  practically  precludes 
the  use  of  the  method  except  perhaps  for  laboratory  purposes. 
This  and  Uie  fact  that  the  correction  factors  for  variations  of 
temperature  and  pressure  have  only  recently  been  definitely 
fixed',  proliiUily  explains  the  absence  of  attempt,  up  to  this 
time,  to  make  use  of  the  :i|)]iearance  of  corona  as  a  measure  of 
.  voltage. 

The  fact  that  air  in  the  neighborhood  of  the  corona  is  ionized, 
that  is,  possesses  hij^h  electric  conductivity,  has  been  extensively 
utilized  by  one  of  the  authors'  as  a  means  of  detecting  the  pres- 
ence of  corona.  A  char);e<i  electroscope  in  a  suitable  location 
near  a  hif^h-voltage  conductor  discharges  with  marked  suddennes  s 
on  the  apjiearance  of  corona.  The  electroscope,  then,  may  be 
used  as  a  detecting  instrument  free  from  the  limitations  of 
visual  observation  of  the  Hght  of  the  corona.  Other  means 
of  detection  have  also  been  developed  and  will  be  described  in 
this  ])a]>cr.  With  a  suilalilc  detecting  instrument  therefore  the 
corona  becomes  far  more  accessible  as  a  high-voltage  indicator. 

Little  nceil  be  said  as  to  the  im|)ortance  of  a  convenient  and 
reliable  metliud  for  measuring  the  maximum  value  of  high  alter- 
nalim;  voltage.  The  question  is  answered  by  the  fact  tluil  llie 
eleclric  strength  of  all  insulating  material  is  depenflent  on  the 
maximum  value  of  a|ip)icd  voltage.     The  needle  ga|)  as  a  means 

Allhougli  long  the  standard  of  llie  Institute,  its  unreliability 
is  now  imiversally  recognized.  It  may  be  staled,  however, 
tiial  miller  iiiopedy  chosen  conditions  and  with  points  having 
angks  greater  than  20  degrees,  quite  iLniform  results  may  be 
olUained,  The  thurough  investigation  of  the  needle  gap  by 
Weick'er'  has  shown  its  limited  value  and  many  weaknesses. 
The  S|ihere  ga|)  has  been  strongly  advocated  as  an  instrument 
free  from  many  of  llie  objections  to  the  needle  gap.    The  authors 
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of  this  paper  cannot  claim  familiarity  with  this  instrument,  and 
therefore,  hesitate  to  call  attention  to  its  apparent  limitations. 
It  is  fair,  however,  to  point  out  that  the  results  of  different  observ- 
ers using  the  sphere  gap  are  not  in  agreement,  that  the  results 
of  a  single  observer  frequently  differ  by  several  per  cent,  and 
that  as  shown  by  Peek',  the  calibration  curve  is  widely  different 
for  the  cases  of  both  terminals  insulated,  and  one  terminal 
grounded.  Its  accuracy  therefore  is  very  sensitive  to  the  prox- 
imity or  presence  of  other  objects  in  the  neighborhood,  due  to 
their  influence  on  the  electrostatic  field.  Attempts  have  also 
been  made  to  derive  mathematical  expressions  from  which  it 
should  be  possible  to  calculate  the  spark-over  voltage  of  any  given 
sphere  gap.  However,  the  results  of  Russell®  in  this  direction 
have  been  attacked  by  de  Kowalski  and  Rappel^,  and  the  sub- 
sequent discussion  indicates  that  there  is  considerable  doubt 
whether  it  is  possible  to  calculate  accurately  the  electric  intensity 
within  the  sphere  gap.  Therefore  notwithstanding  the  adoption 
by  the  Institute  of  the  sphere  gap  as  a  standard,  no  apology  is 
necessary  in  describing  an  instrument  which  seems  to  be  free 
from  some  of  its  imperfections. 

Recent  papers  before  the  Institute  by  Chubb*  and  by  Sharp 
and  Doyle*  have  described  crest  voltmeters  utilizing  the  rectify- 
ing properties  of  hot  cathode  tubes.  The  arrangement  proposed 
by  Sharp  and  Doyle  is  especially  simple  and  promising.  Both 
types  should  prove  valuable  for  low-voltage  readings  although 
the  use  of  a  vacuum  tube  is  an  undesirable  feature  for  general 
utility.  On  high  voltage,  series  condensers  or  resistance  are 
apparently  necessary,  and  therefore  introduce  well-known  un- 
certainties. 

Principle  of  the  Corona  Voltmeter 

The  corona  as  a  means  of  measurement  possesses  the  great 
advantage  that  it  obeys  a  definite  law  ui)on  which  close  agree- 
ment now  obtains  among  many  observers.  If  it  is  possible  to 
foretell  with  a  good  degree  of  precision  the  value  of  voltage 
at  which  corona  will  begin  on  a  clean  round  conductor,  an  abso- 
lute calibration  is  therefore  also  possible.  This  paper  describes 
an  instrument  in  which  the  first  appearance  of  corona  may  be 
accurately  and  conveniently  detected,  and  which  may  be  set 
readily  and  without  trouble  for  any  voltage  within  a  consider- 
able range. 

From  the  nature  of  the  corona  it  will  be  evident  that  an  in- 
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strument  using  it  as  an  indicator  of  voltage  can  make  no  pre- 
tense to  a  direct-reading  scale.  No  more  can  the  needle  gap  or 
the  sphere  e;ap.  The  corona  voltmeter  as  now  described, 
however,  i>ossesses,  among  other  advantages,  two  important 
features,  which  in  the  absence  of  a  direct-reading  scale,  are  very 
good  substitutes.  (1)  Convenience  of  observation.  (2)  A  wide 
range  of  voltage  without  manipulation  or  adjustment  of  the 
instrument. 

Methods  of  Observation 

The  appearance  of  corona  obeys  a  rigid  law  only  when  the 
wire  or  rod  on  which  it  appears  is  accurately  placed  on  the  axis 
of  a  hollow  cylinder  forming  the  opposite  side  of  the  circuit. 
This  arrans:emcnt  has  therefore  been  chosen  for  the  voltmeter. 
In  the  present  form  the  outer  cylinder  is  grounded,  thus  present- 
ing the  advantage  of  screening  the  wire  from  outside  influence 
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instrument  has  only  one  leaf  which,  in  its  zero  or  discharged 
position,  rests  against  a  rigid  member.  Means  are  provided 
whereby  in  this  position  the  leaf  is  pressed  throughout  its  entire 
length  against  the  rigid  member  by  a  flap  made  of  the  paper 
which  separates  the  successive  layers  of  gold  leaf  in  the  books 
in  which  the  leaf  is  usually  furnished.  This  flap  is  readily  ad- 
justable from  outside  the  instrument,  which  can  thus  be  handled 
without  danger  to  the  gold  leaf.  The  instrument  is  also  fur- 
nished with  means  for  adjusting  the  sensibility.  Since  the 
strip  of  gold  leaf  swings  through  a  circular  arc  it  may  be  cali- 
brated, although  this  is  not  necessary  for  the  purpose  of  indi- 
cating the  first  appearance  of  corona.  Direct  visual  observation 
of  the  discharge  of  the  electroscope  is  possible  but  is  not  as 
accurate  as  when  it  is  viewed  through  a  telescope. 

The  electroscope  may  be  charged  from  a  120- volt,  direct- 
current  circuit,  either  directly  or  by  a  parallel -series  connection 
of  small  condensers. 

The  Galvanometer.  If  the  outer  grounded  cylinder  be  drilled 
with  small  holes  fairly  close  together  over  its  entire  surface,  and 
if  the  electrode  formerly  used  for  the  electroscope  be  extended 
in  area  so  as  to  form  an  outer  cylinder  surrounding  that  forming 
one  side  of  the  high  voltage  circuit,  a  very  greatly  increased 
volume  of  ionized  gas  may  be  utilized.  If  this  outer  cylinder 
or  electrode  is  brought  close  to  the  grounded  cylinder  and  is 
connected  to  ground  through  a  galvanometer  and  source  of  con- 
tinuous potential,  the  galvanometer  should  deflect  when  the 
gas  between  the  two  cylinders  is  ionized.  The  outer  or  electrode 
cylinder  must  of  course,  be  carefully  insulated. 

The  object  of  this  arrangement  is  to  detect  the  presence  of 
corona  with  a  less  sensitive  instrument  than  the  electroscope. 
The  results  as  described  below  indicate  that  under  proper  con- 
ditions this  arrangement  serves  admirably  for  its  purpose.  In 
the  larger  of  the  two  voltmeters  to  be  described,  a  portable 
needle  galvanometer  with  a  direct  reading  scale  and  sensitivity  of 
10-*  amperes  may  be  used.  For  the  smaller  voltmeter  a  more  sen- 
sitive* galvanometer  is  necessary.  Up  to  this  time  a  reflecting 
galvanometer  with  telescope  has  been  used,  of  sensitivity  in  the 
neighborhood  of  10-^  amperes.  The  magnitude  of  its  deflec- 
tions indicates  that  the  more  sensitive  forms  of  needle  gal- 
vanometer may,  if  necessary,  be  used  with  this  instrument  also. 
For  portable  purposes,  the  needle  galvanometer  is  obviously 
the  more  desirable. 


814  WHITEHEAD  AND  PULLEN:  [June  29 

A  continuous  voltage  is  necessar\'  in  the  use  of  the  galvano- 
meter. The  240-volt,  three-wire  circuit  has  been  used  in  the 
experiments,  provision  being  made  for  120  volts  positive  or 
negative  on  the  galvanometer  and  electrode.  The  arrangement 
is  markedly  more  sensitive  for  negative  than  it  is  for  positive 
electrode,  owing  to  the  differences  in  the  properties  of  negative 
and  positive  ions  and  consequently  the  resulting  values  of  the 
ionization  currents. 

The  Telephone.  The  corona  emits  a  sound  which  is  gathered 
and  intensified  if  the  region  surrounding  the  corona  forming 
wire  is  enclosed.  Earlier  experiments  showed  that  if  the  per- 
forated grounded  cylinder  or  corona  tube  has  its  ends  capped  and 
is  enclosed  in  an  outer  jacket  of  any  kind  proxnded  with  a  single 
hole  to  which  the  ear  may  be  placed,  the  first  appearance  of 
corona  is  attended  by  sound  of  considerable  volume.  If  a  cone, 
connected  by  tubes  to  ear  pieces  is  added,  the  sound  is  further 
intensified,  and  in  fact,  becomes  quite  loud. 

As  described  below,  the  corona  voltmeter  in  its  present  form 
involves  a  variation  of  the  gas  pressure  in  the  corona  tube. 
This  of  course,  will  prevent  a  direct  listening  to  the  sound. 
In  order  therefore,  to  take  advantage  of  the  sound,  a  telephone 
transmitter  has  been  inserted  into  a  side  tube  and  connected 
with  twin  receivers  in  the  usual  head-piece  form,  on  the  outside. 
Obviously  gas  pressure  has  no  influence  on  the  proper  operation 
of  the  telephone  transmitter.  This  arrangement  has  been  found 
to  work  admirably,  and  indeed,  has  been  found  quite  as  reliable 
as  either  of  the  foregoing  methods  for  indicating  the  initial 
presence  of  the  corona. 

Visual  Observation.     Any  of  the  foregoing  methods  may  be 

checked  in  a  darkened  space  by  visual  observation.     In  the 

present  work  the  two  forms  of  instrument  have  been  provided 

with  plate  glass  disks  at  their  ends,  permitting  detection  of 

the  first  appearance  of  visual  corona.    As  numerous  tests  have 

shown  that  the  indications  of  all  three  of  the  foregoing  methods 

are  simultaneous  with  the  appearance  of  corona,  the  use  of  the 

visual  method  has  been  limited  to  the  purposes  of  inspection 

and  checking. 

Range  of  Observation 

At  atmospheric  pressure  and  temperature,  a  given  diameter  of 
wire  or  rod,  placed  in  a  given  outer  tube,  will  form  corona  at 
one  and  only  one  definite  value  of  voltage.  Hence  to  ob- 
tain any  range  in  an  instrument  using  corona  under  atmos- 
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pheric  conditions  would  require  a  change  in  the  diameter  of  the 
outer  cylinder  or  of  the  inner  conductor,  or  in  the  use  of  a  wire 
or  rod  of  varying  diameter.  A  change  from  one  conductor  to 
another  is  not  impossible  but  is  manifestly  troublesome  and 
objectionable,  save  perhaps,  under  laboratory  conditions.  The 
use  of  a  conductor  of  varying  diameter  is  not  feasible  on  account 
of  the  small  temperature  variations  due  to  the  presence  of 
corona  and  on  account  of  the  necessity  of  visual  observation. 

Corona-forming  voltage  depends  on  the  pressure  and  temper- 
ature of  the  air.  The  values  of  the  voltage  at  which  corona 
forms  on  a  given  wire  under  any  conditions  of  temperature  and 
pressure  are  now  well-known.  The  density  of  the  gas  is  the 
determining  factor  and  variations  of  density  cause  quite  wide 
differences  in  the  value  of  the  corona  forming  voltage. 

A  prominent  feature  of  the  corona  voltmeter  as  here  described 
is  that  the  pressure  in  the  corona  tube  is  controlled  and  varied 
and  constitutes  the  means  whereby  the  instrument  is  set  for  a 
given  voltage.  Adjustment  of  the  pressure  throughout  a  wide 
range  is  quite  easy  and  thus  provides  practically  any  desired 
range  of  voltage  value.  In  this  way  values  of  air  density  which 
necessitate  a  troublesome  correction  at  atmospheric  pressure, 
are  eliminated,  and  in  fact,  are  turned  to  accoimt  in  providing 
a  ready  means  of  extending  the  scale  of  the  instrument.  One 
wire  or  rod  serves  for  the  whole  range,  and  no  adjustments 
other  than  that  of  the  pressure  are  necessary.  There  is  in  fact, 
no  limit  to  the  range  other  than  that  due  to  the  insulation  of 
the  air  tight  bushings,  through  which  connection  is  made  to 
the  corona  forming  rod,  and  that  set  by  a  safe  gas  pressure 
within  the  instnunent.  In  the  two  forms  of  instnunent  described 
below,  in  the  smaller  a  working  range  between  20,000  and  50,000 
volts  is  obtained  with  a  pressure  of  30  cm.  below,  and  60  cm.  of 
mercury  above,  atmospheric  pressure.  A  corresponding  range 
with  100,000  volts  as  a  maximum  and  the  same  range  of  pressure 
is  obtained  in  the  larger  instrument. 

Description  of  Voltmeters 
100,000-volt  type 

The  first  type,  designed  after  a  number  of  preliminary  experi- 
ments, for  a  range  of  100,000  volts  is  shown  in  Fig.  1.  It  con- 
sists of  an  outer  steel  shell  45.7  cm.  outside  diameter  and  44.4 
cm.  inside  diameter.  The  ends  are  enclosed  with  plate  glass 
disks  1.9  cm.  thick,  held  between  flanges,  and  each  supporting 
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in  ii  hole  in  its  center  a  lOO.OOO-voIl  ijurcelain  bushing.  This 
outer  shell  provides  a  chamber  in  which  the  pressure  may  be 
varied:  the  voltmeter  proper  is  hiside.  The  picture  shows  some 
of  the  various  terminals  and  auxihary  apparatus.  The  length 
of  the  outer  shell  over  (lanfics  is  100  cm.  The  length  of  the  whole 
instrument  over  insulator  bushings  is  238  cm. 

Fig,  2  is  a  descriptive  drawing  showing  the  various  parts. 
In  order  that  certain  features  may  be  emphasized  no  attempt 
has  been  made  to  make  the  drasvinj;  to  a  uniform  scale.  The 
central  conductor  on  which  corona  is  formed,  shown  at  A, 
consists  of  about  40  in.  (101.5  cm.)  of  Stubb's  tool  steel,  0,635 
cm.  in  diameter.  At  either  end.  just  outside  the  cylinder  B.  the 
central  conductor  is  suitably  joined  to  rods  of  larger  diameter 
which  extend  thnnigh  the  porcelain  bushing  E  at  either  end. 
The  object  of  this  enlar^jement  is  to  make  certain  that  the  electij 


occurs  only  within  the  rc^'ion  ins^idv  cylimlor  B.  This 
inilcr  B  is  !)2  cm.  Ion;.;.  )iO,7  cm,  in  diaim-'lcr,  \^  |K-rf(ir- 

it'^  ciUiru  surface  with  holes  l.."iH  em.  in  dianu-ter,  and 
■:l1]\    o.mitcud  to  the  outer  shell  C.  whieli  is  in  turn 

I  lo  earili.  Thv  insulators  /■;  are  cemenle.l  In  (he  ;,la-^s 
wiiieh  in  luni  are  held  between  soft  rubber  -askets 
langes  on  the  ouLer  tube.  The  llnal  cenUring  of  the 
mduetor  is  aceomplished  at  the  ends  of  the  insnla(i>rs, 
:il  openings  of  which  provi<le  free  play  for  this  jniriiose. 
in  metal  cylinder  surrounding,  and  very  close  to,  ihe 

II  cylinder  H.  It  is  insulated  and  eoinuels  ihrougli  a 
mshin^;  with  the  galvanoinetcr  0  and  a  source  of  eon 
■otcntial  .v.     //  is  a  small  electrode  fitting  in  a  h<.le  ii 

^  and  connceteil  through  a  sulphur  hushiii 
jxmnccteci  lo  earih.     J 


Fig.  1     Corona  Voltmeter  for  1(10,000  Volt= 
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a  telephone  transmitter  fitting  into  a  side  tube  shown  in  Fig.  1. 
L  is  an  ordinary  hand  air  pump  for  either  pressure  or  vacuum ; 
together  with  the  gauge  M  it  is  connected  to  the  main  contain- 
ing cylinder.  iV  is  a  small  side  tube  with  glass  top  through 
which  the  thermometer  T,  recording  temperature  inside  the 
tube,  may  be  observed.  All  permanent  joints  were  sealed  with 
a  cement  made  from  litharge  and  glycerine,  while  those  holding 
the  glass  and  cap  nuts  on  the  end  of  the  central  conductor  con- 
sisted of  soft  rubber  gaskets.  No  particular  care  was  given  to 
the  elimination  of  unnecessary  joints,  and  it  has  been  found 
possible  to  maintain  pressure  as  high  as  60  cm.  above  atmosphere 
over  periods  quite  sufficient  to  insure  constancy  of  observation. 

In  designing  the  instrument  as  described  above,  liberal  allow- 
ances were  made  in  all  dimensions.  It  was  the  first  instrument 
in  which  pressure  was  applied  and  in  order  to  provide  also  for 
thorough  inspection  and  access  to  all  parts,  it  was  realized  that 
it  would  probably  be  found  unnecessarily  large.  This  proved 
to  be  the  case.  The  indications  of  the  appearance  of  corona 
by  the  several  methods  already  described  were  so  satisfactory 
that  it  was  soon  found  that  the  instrument  could  be  made  smaller 
without  sacrifice  of  reliability. 

The  only  limitation  which  has  been  found  in  this  first  type  of 
instrument  is  in  the  insulation.  If  too  large  a  central  conductor 
is  used,  say  above  1.75  cm.  diameter,  the  high  voltage  required 
to  start  corona  causes  a  spark  between  the  conductor  and  the 
outer  casing  at  the  edge  of  the  insulator  bushing  due  to  a  region 
of  high  electric  intensity.  This  trouble  is  entirely  eliminated 
by  the  use  of  a  smaller  corona  conductor,  with  ends  of  larger 
diameter,  as  already  described.  Corona  then  appears  at  lower 
voltages  at  atmospheric  pressure  and  the  spark-over  voltages 
at  the  bushing  are  never  reached.  The  voltage  at  that  point 
only  rises  when  pressure  is  on  the  tube  and  sparking  is  then 
suppressed. 

The  pressure  in  this  tube  has  only  been  carried  to  62  cm.  of 
mercury.  This  means  a  total  thrust  of  2100  lb.  (952.5  kg.) 
on  each  of  the  plate  glass  disks  at  the  ends.  While  the  central 
conductor  can  probably  be  relied  on  to  take  up  a  part  of  this 
thrust  the  pressure  has  not  been  carried  higher  up  to  this  time 
for  fear  of  breaking  the  glass  disks.  It  is  not  necessary  to  have 
the  whole  end  of  the  tube  of  glass,  as  small  openings  only  are  re- 
quired for  observing  visually,  the  appearance  of  corona.  There- 
fore, in  a  tube  of  the  general  dimensions  given,  it  should  be  quite 
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easy  to  reach  pressures  far  in  excess  of  that  mentioned.  Our 
experience  indicates  that  the  chief  limitation  of  the  instrument 
is  the  insulation  of  the  bushing  leading  the  voltage  to  the  central 
corona  forming  conductor. 

50,000-VOLT  TYPE 

As  a  result  of  the  experiments  with  the  foregoing  instrument, 
another  was  designed  for  50,000  volts  in  which  effort  was  made 
to  reduce  the  dimensions  without  impairing  its  reliability.  Fig.  3 
shows  a  general  view.  In  all  respects  the  details  of  the  instrument 
are  the  same  as  those  already  described  in  connection  with  the 
larger  type,  except  that  is  this  smaller  type  the  telephone  has 
been  omit  Led.  This  was  done  largely  because  of  the  difficulty 
and  time  required  for  setting  into  the  outer  cylinder  a  branch 
tube  large  enough  to  hold  the  telephone  transmitter,  the  di- 
ameter of  the  main  cylinder  being  only  12.7  cm.  Observations 
are  in  no  wise  dependent  on  the  use  of  the  telephone  and  this 
was  not  considered  as  a  necessary  feature  for  an  experimental 
type  of  instrument. 

The  principal  dimensions  for  the  smaller  instrument  are  as 
follows:  Outer  tube,  12  cm.  inside  diameter,  24  cm.  diameter 
over  end  flanges,  length  over  flanges,  52  cm.,  length  over  all, 
76  cm.  The  inside  or  corona  tube  is  9.51  cm.  inside  diameter 
and  29  cm.  long.  Central  conductors  or  rods  of  various  diameters 
have  been  used.  In  the  experiments  described  below  the  rod 
was  of  tool  steel,  0.396  cm.  in  diameter. 

In  this  instrument  as  in  the  other,  the  limit  has  been  found 
in  the  insulation  of  the  end  bushings.  In  the  form  shown, 
brush  discharge  begins  at  65,000  volts  over  the  inside  surface  of 
the  glass  ends.  As  the  insulators  were  home-made,  by  making 
the  whole  instrument  somewhat  longer,  and  improving  the 
insulation,  there  seems  to  be  no  reason  why  this  instrument 
could  not  be  used  for  even  higher  values.  The  pressure  required 
to  reach  above  50,000  volts  was  only  66  cm.  of  mercury  above 
atmosphere. 

Pressure  is  adjusted  and  varied  in  the  tubes  without  trouble 
by  means  of  an  ordinary  hand  pump,  for  both  vacuum  and  pres- 
sure, about  46  cm.  long,  and  of  the  type  used  for  bicycle  and  auto- 
mobile tires.  A  valve  with  small  opening  permits  easy  adjustment 
of  pressure. 

Observations  and  Tests 

Power  was  taken  from  a  10-kv-a.,  100, 000- volt  transformer 
fed  by  a  7.5-kv-a.,  motor-driven,  smooth  body,    surf  ace- wound, 
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single-phase  generator,  specially  designed  to  give  a  smooth 
wave.  The  set  was  designed  for  frequencies  between  45  and 
120  cycles  and  w^as  equipped  for  close  speed  and  generator 
field  control  within  wide  ranges. 

Throughout  the  experiments  a  frequency  of  60  cycles  was 
maintained.  Variation  of  the  transformer  primary  voltage 
was  accomplished  by  varying  the  field  current  of  the  generator. 

The  transformer  is  of  the  core-type,  having  all  of  its  coils 
wound  on  one  side  of  the  magnetic  circuit  of  rectangular  shape. 
It  is  provided  with  two  primary  coils,  each  for  110  volts.  It 
also  has  a  tertiary  coil  with  the  same  number  of  turns  as  one 
primary  coil.  All  of  these  coils  are  close  to  the  core.  The  high- 
tension  winding  consists  of  a  large  number  of  pan-cake  shaped 
coils  set  side  by  side  over  the  primary  and  filling  a  large  portion 
of  the  central  opening  of  the  magnetic  circuit.  The  transformer 
was  designed  for  operation  at  any  frequency  between  20  and  120 
cycles.    The  ratio  of  high-tension  to  tertiary  coil  turns  is  833.36. 

All  observations  have  been  made  with  the  outer  tube  of  the 
voltmeter,  one  end  of  the  tertiary  coil,  one  end  of  the  primary 
and  one  end  of  the  high-tension  winding  all  connected  to  ground. 
In  the  observations  of  the  smaller  voltmeter  the  primary  coils 
were  connected  in  series  while  on  the  larger  they  were  in  parallel 
The  value  of  the  generator  voltage  in  both  cases  ranged  from 
20  volts  up  to  about  100.  It  will  be  seen  therefore  that  all 
observations  were  taken  at  comparatively  low  values  of  the 
magnetic  density  in  both  the  generator  and  transformer.  Power 
for  the  direct-current  motor  and  also  for  the  generator  field  was 
taken  from  a  storage  battery,  giving  most  of  the  time  practically 
perfect  conditions  as  to  constancy. 

The  general  method  of  taking  observations  was,  with  secondary 
connected  to  the  central  conductor  of  the  voltmeter,  to  raise 
the  voltage  gradually,  observing  the  electroscope  and  galvan- 
ometer, and  listening  with  the  telephones,  singly  or  all  together 
Simultaneous  readings  of  all  three  were  possible  by  using  a 
reflecting  galvanometer,  and  throwing,  with  suitable  mirror 
arrangements,  the  image  of  the  electroscope  leaf  into  the  tele- 
scope used  for  reading  the  galvanometer.  As  soon  as  any  one  or 
all  of  the  instruments  indicated  the  appearance  of  corona  the 
voltage  was  read  by  an  electro-dynamometer  type  of  voltmeter 
on  the  terminals  of  the  tertiary  coil  of  the  transformer.  A  large 
niunber  of  oscillograms  were  taken  during  the  course  of  the 
experiments  which,  with  the  voltmeter  readings,  serve  to  give 
the  crest  factors  of  the  voltages  in  the  tertiary  coil. 
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Special  interest  attaches  to  the  extreme  constancy  with  which 
the  corona  is  indicated  by  any  one  of  the  four  methods  described 
and  to  the  closeness  with  which  the  fotir  methods  agree  among 
themselves. 

The  readings  in  Table  I  were  taken  by  two  observers.  One 
observer  would  read  the  electroscope  or  galvanometer  or  listen 
with  the  telephone  while  gradually  raising  the  voltage.  As 
soon  as  indication  of  corona  appeared  he  would  tell  the  other 
observer  to  read  the  voltage.  The  voltage  would  then  be  lowered 
by  an  indeterminate  amount  and  the  process  repeated.  The 
readings  with  each  type  of  indicating  instnunent  were  taken 
singly,  the  several  sets  following  one  immediately  after  the  other. 

As  a  general  thing  the  electroscope  leaf  would  stand  appar- 
ently perfectly  still,  its  normal  rate  of  leakage  being  extremely 


TABLE  I. 

COMPARISON    OF    ELECTROSCOPE,    GALVANOMETER.    AND    TELEPHONE 
AS     INDICATORS     OP     PRESENCE     OF     CORONA 


Critical  volts  on  tertiary  coil.  0.633  cm.  diam. 

rod  in  30.7  cm.  tube 

Electroscope 

48.75           48.75           48.8 

48.8             48.75           48.75 

Galvanometer.     .  . . 

48.8             48.8             48.75 

48.8             48.75           48.7 

Teleohone 

48.8             48.8             48.75 

48.8             48.8             48.75 

small.  With  the  appearance  of  corona  the  leaf  would  discharge 
in  periods  varying  between  one  and  five  or  six  seconds  depend- 
ing upon  the  size  of  the  conductor  and  the  condition  of  its  sur- 
face. The  rate  of  leak  attendant  upon  the  appearance  of  corona 
is  always  sharply  marked,  and  there  is  no  difficulty  in  distinguish- 
ing it  even  when  at  its  slowest. 

The  galvanometer  deflection  is  also  sharply  marked.  With 
the  approach  to  corona  voltage  the  galvanometer  stands  at 
zero  or  with  a  small  deflection  due  to  leakage  over  the  insulation 
of  its  electrode,  the  deflection  being  practically  constant.  With 
the  appearance  of  corona  the  galvanometer  takes  a  sharp  in- 
crease of  deflection  the  amount  of  which  is  dependent  upon  its 
sensitivity.  In  the  mirror  galvanometer  already  mentioned, 
the  amount  of  this  sudden  deflection  was  6.5  mm.  No  fine 
adjustment  of  the  voltage  increase  could  bring  the  deflection 
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below  this  value.  With  the  less  sensitive  needle  galvanometer 
already  described,  the  deflection  was  considerably  less,  of  the 
order  of  one  mm.  which,  however,  is  readily  detectable.  These 
deflections  increase  rapidly  with  even  a  smsdl  increase  of  the 
voltage  above  the  corona  forming  point. 

With  reference  to  the  telephone,  it  has  already  been  stated 
that  with  the  approach  to  corona  voltage  there  is  no  sound  in 
the  telephone,  but  the  instant  corona  appears  a  very  pronounced 
note  is  heard. 

A  number  of  preliminary  tests  with  various  sizes  of  central 
conductor  were  made  on  each  type  of  voltmeter.  These  tests 
had  as  their  principal  object  the  study  as  to  how  the  values 
obtained  would  agree  wdth  the  formulas  given  by  various  exper- 

TABLE  II. 
COMPARISON     OF    OBSERVED    AND     CALCULATED     CORONA     VOLTAGES 


Diam. 
rod 
cm. 

Critical  volts 

« 

Critical  surface 
intensity 

Obs. 

Calc. 

0.238 
0.317 
0  396 
0.477 

21.6     21.7     21.8 
24.6     24.7     24.6 
27.6     27.6     27.6 
30         30         29.9 

1.014 
1.014 
1.017 
1.017 

59.400 
55.500 
53.800 
50.700 

59.800 
55.400 
54.000 
51.200 

iments  connecting  the  critical  surface  intensity  of  a  conductor 
vnXh  its  diameter  and  with  the  temperature  and  pressure. 

The  method  followed  in  these  tests  has  been  the  same  as  that 
used  by  one  of  the  authors  in  his  papers  on  **The  Electric  Strength 
of  Air.''  This  method  involves  the  reading  of  the  critical  voltage 
on  the  low-tension  side,  the  measurement  of  the  wave  form  on 
the  low-tension  side,  and  the  assumption  that  the  ratio  of  trans- 
formation of  the  transformer  is  that  of  the  number  of  turns  in 
primary  and  secondary.  This  method  has  been  found  to 
give  very  uniform  results  for  moderate  values  of  the  secondary 
voltage. 

Table  II  shows  the  results  with  four  sizes  of  rod  in  the  smaller 
voltmeter.  The  results  calculated  from  the  expression  for  the 
surface  intensity, 


£  =  32  (S  +  0.296  V  y)  kv/cm. 
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are  also  given  in  one  column  of  the  table.  It  will  be  seen  that 
the  agreement  is  quite  close.  The  constants  of  the  above  ex- 
pression are  those  which  were  first  proposed  by  one  of  the  authors. 
Peek's  corresponding  expression  gives  a  value  in  the  neighbor- 
hood of  31  instead  of  32  for  the  principal  factor  of  the  right  hand 
member  of  the  expression.  Further  evidence,  leading  to  the 
conclusion  that  the  higher  vsilue  is  the  correct  one,  is  given  in 
oiu"  results  below  in  which  the  density  of  the  air  is  varied  through 
wide  limits. 

A  number  of  tests  were  also  taken  with  various  sizes  of  central 
conductor  in  the  larger  voltmeter.  The  observations  were 
taken  under  the  same  conditions  of  accuracy  and  care,  and  could 
also  be  repeated  as  often  as  desired.  The  values  of  voltages, 
however,  as  read  on  the  low-tension  side,  and  reduced  to  the 
high-tension  side  in  the  method  described,  were  always  lower 
than  the  values  calculated  from  the  expression  just  given. 
This  discrepancy  was  found  to  be  due  to  a  rise  in  voltage  in  the 
secondary  circuit,  owing  to  its  leakage  reactance  and  to  the 
charging  current  of  the  larger  voltmeter,  this  rise  having  no 
equivalent  in  the  tertiary  coil. 

The  primary  current  of  the  transformer  increased  from  2.9 
to  4.3  amperes  on  connecting  the  larger  voltmeter,  the  power 
input  of  the  primary  remaining  practically  unchanged.  The 
arrangement  of  the  coils  in  the  transformer  has  already 
been  described  and  indicates  clearly  the  probability  of  leakage 
reactance  in  the  high-tension  winding  which  has  no  counter- 
part in  the  tertiary  coil  on  which  the  voltage  was  read. 

Calibration 

The  calibration  of  any  of  the  types  of  instrument  heretofore 
used  for  measuring  crest  voltages  has  always  been  an  uncertain 
factor.  The  usual  method  has  been  comparison  with  a  standard 
needle  or  sphere  gap,  or  with  low- voltage  voltmeter  readings 
corrected  for  crest  factors.  But,  as  is  well  known,  both  types  of 
spark  gap  must  themselves  be  calibrated,  since  it  is  not  certain 
that  even  the  sphere  gap  will  break  down  at  a  voltage  which 
can  be  calculated  in  terms  of  the  separation  and  the  diameter 
of  the  spheres.  It  is  now  stated,  with  considerable  confidence, 
that  a  tertiary  coil  can  be  so  wound  in  a  high-tension  trans- 
former that  it  will  reflect  accurately  the  value  and  wave  form  of 
the  voltage  in  the  high-tension  winding.  While  this  may  be 
true,  the  evidence  is  still  lacking,  and  the  reason  is  that  there  is 
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no  certain  method  of  measuring  the  high-tension  voltage  di- 
rectly in  terms  of  laboratory  standards. 

It  is  the  opinion  of  the  authors  of  this  paper  that  the  desired 
standard  of  voltage  for  values  above  10,000  or  15,000  is  available 
in  the  corona  forming  on  a  clean  wire  centered  in  an  outer  cylin- 
der. All  observers  are  now  agreed  that  corona  forming  voltage^ 
repeat  themselves  with  the  greatest  degree  of  accuracy  under 
the  same  conditions  of  temperature  and  pressure,  and  further, 
the  variations  due  to  temperature  and  pressure  are  now  under- 
stood. The  constants  which  give  the  actual  value  of  critical 
corona  voltage  for  a  given  size  wire  as  determined  by  different 
observers,  agree  very  closely.  It  would  appear  then,  that  the 
only  thing  necessary  to  fix  an  absolute  standard  of  high  voltage 
is  the  formation  of  a  committee  who  should  conduct,  under 
properly  considered  conditions,  a  series  of  experiments  for  the 
determination  of  the  figure  for  the  electric  strength  of  air  which 
could  be  used  as  a  standard.  This  quantity  is  undoubtedly 
a  definite  physical  constant,  and  it  is  only  necessary  to  elimiaate 
all  source  of  error  in  experiment  to  determine  it  accurately. 

The  corona  voltmeter  as  already  described,  can  of  course, 
be  calibrated  by  exactly  the  same  means  which  are  used  for  the 
calibration  of  the  standard  spark-gaps.  In  view,  however,  of 
the  uncertainty  of  such  calibration,  the  authors  have  preferred 
to  compare  the  indications  of  the  instruments  with  values  of 
corona  forming  voltage  as  deduced  from  formula  (1),  in  which 
E  is  the  electric  intensity  at  the  surface  of  the  wire,  at  which 
corona  is  formed,  in  kilovolts  per  centimeter,  and  6  is  the  density 
factor  given  by  the  expression 

.  _     3.92  XP  .«. 

^  -      273  +  /  (2^ 

in  which  p  is  the  pressure  in  cm.  of  mercury,  and  /  is  the  tem- 
perature in  centigrade  degrees.  The  constants  of  formula  (1) 
have  been  checked  a  number  of  times  by  one  of  the  authors. 
The  values  found  by  Peek  and  others  are  in  close  agreement. 
50,000- Fo//  Type,  In  Table  III,  are  given  the  results  of  a 
series  of  observations  with  varying  pressiu*es  on  the  smaller 
type  of  voltmeter.  The  readings  taken  were:  voltage  on  the 
tertiary  coil,  air  pressure,  as  measured  on  a  mercury  pressure 
gauge,  temperature  inside  the  tube,  and  oscillograms  of  the 
tertiary  coil  voltage  in  order  to  obtain  the  crest  factors.  The 
oscillograms  have  an  average  amplitude  of  2.2  cm.,  and  a  length 
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at  the  base  of  about  three  cm.  The  ordinates  were  measured  at 
distances  of  one  mm.  As  so  measured,  the  crest  factors  varied 
uniformly  between  1.45  and  1.44,  over  a  range  of  tertiary 
coil  voltage  from  20  to  45  volts  covering  the  range  of  observation. 
The  values  of  the  corona  surface  intensity,  as  observed   and 


TABLE  III. 
OBSERVATIONS     WITH     50.000     VOLTS     CORONA     VOLTMETER 


Pressure 

Ter. 

Coil 

Crit.  suH 

'.  intens. 

cm. 

Temp. 

volts 

volts  per  cm.        | 

deg. 

a 

Max. 

cent. 

volts 

Obs. 

Corr. 

Eff. 

Max. 

Obs. 

Gale. 

-    34 

43.5 

27 

■ 

0.569 

17.8 

25.9 

34.390 

34.200 

21.680 

-    33 

44.5 

27 

0.581 

18. 

26.2 

34.760 

34.800 

-    32.8 

44  7 

27 

0.584 

18.2 

26.4 

35.120 

34.940 

•   •   •  • 

-    26.9 

50.6 

27 

0.661 

20. 

29.1 

38.600 

38,450 

.... 

-    26.4 

51.1 

26.5 

0.668 

20 

29.1 

38.000 

38.750 

24.200 

-  ^25.8 

51.7 

26.5 

0.076 

20.3 

29  5 

39.150 

39.120 

•   •    •  « 

-    17.5 

60 

26.5 

0.785 

22.8 

33.1 

43.920 

43.760 

.    .    .  • 

-    17.2 

60.3 

26.5 

0.789 

22.8 

33.1 

43.920 

43.920 

.   •    ■   ■ 

-    17. 

60  5 

26.5 

0.791 

22.9 

33  2 

44.140 

44.000 

27.700 

-    11.8 

65  7 

26. 

0.861 

24.4 

35.4 

47.000 

47.300 

•   .    •  ■ 

0. 

74.7 

26. 

0.979 

27. 

39.1 

51.950 

52.360 

.   .    •  • 

0. 

74   7 

20.5 

0.997 

27  5 

39.8 

52.900 

63.150 

■      a      •     • 

+   15. 

86 . 9 

20.5 

1.160 

30  7 

44.5 

59.020 

60.060 

37.100 

15  3 

87.2 

20.5 

1.164 

30.8 

44.6 

5£.220 

60.200 

■   •   •   « 

25.2 

97.1 

21. 

1.294 

33.7 

48.8 

64.750 

66.600 

•   •    •  • 

26  3 

98.2 

21. 

1.309 

34. 

49.2 

65.350 

66.200 

•   •    •  • 

27.7 

99.6 

21. 

1.327 

34.4 

49.8 

66.050 

06.900 

41.500 

33  4 

105.3 

22. 

1.4 

35.9 

51.9 

68.600 

69.1>00 

•    ■    •   • 

34  2 

106.1 

22. 

1.410 

36.2 

52.3 

69.400 

70.000 

•   •    •    > 

J8.3 

110.2 

23. 

1.460 

37.3 

53.9 

71,600 

72.400 

•    •    •   • 

38.9 

110. » 

23. 

1.468 

37.5 

54.2 

71.900 

72.700 

45.100 

45.1 

117. 

23. 

1.549 

39.2 

56.6 

75.200 

76,000 

•    •    •   • 

45.9 

117.8 

23. 

1.560 

39.5 

57.0 

75.700 

76.400 

•   •    •   • 

53.1 

125. 

24. 

1.650 

41.5 

59.9 

79.500 

80.100 

•    ■    •   • 

64.2 

126.1 

24. 

1.664 

41.8 

60.3 

80.050 

80.700 

60.300 

56  7 

128.6 

24. 

1.697 

42.2 

60.9 

80.800 

82.000 

•  «   •  • 

60  7 

13S.6 

25. 

1.744 

43.5 

62.7 

83.250 

88.800 

•  •   •  • 

61.9 

133.8 

25. 

1.760 

43.6 

62.9 

83.480 

81.600 

•  •   •  • 

63.3 

135.2 

25. 

1.778 

44.0 

63.4 

84.700 

85.200 

52.800 

66. 

137.9 

26. 

1.807 

44.8 

64.6 

85.;  00 

86.400 

53.800 

also  as  calculated  from  the  expression  given  above  are  given  in 
the  last  two  columns  of  the  table.  In  Fig.  4  a  curve  is  drawn 
between  the  critical  surface  intensity  and  the  density  factor. 
The  solid  curve  gives  the  relation  as  calculated,  and  observed 
values  are  indicated  by  crosses.  It  will  be  observed  that  at 
higher  values  of  pressure  the  observed  values  are  slightly  lower 
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than  those  calculated.  This  is  partly  due  to  the  fact  that  the 
observations  were  taken  with  very  slowly-diminishing  pressure 
owing  to  leaks  in  the  tube.  Much  time  and  trouble  was  saved 
by  closing  some  of  the  neces- 
sary openings  in  the  tube  with 
rubber  gaskets  instead  of 
sealing  them  permanently. 
These  gaskets  leaked  slowly 
at  the  high  pressures.  It  is 
also  possible  that  a  rise  in 
secondary  voltage  due  to  leak- 
age reactance  and  charging 
current  was  present  at  the 
higher  values  of  voltage. 
IOO,000-Kc/(  Type.  The 
Fig.  4— Calculated  and  Ob-  larger  type  of  instrument  has 
SERVED  Values  of  Voltage  at  Dif-  i^^  operated  with  a  number 
FERENT  Values  OF  Air  Density  ,     ,-~_     .      .  ,  ,     , 

01   different   sizes  of  central 

conductor  and  through  the  range  of  pressure  between  65  cm.  and 
136  cm.  of  mercury  corresponding  to  a  range  of  voltage  between 
50,000  and  110,000  maximum  values.    Table  IV  gives  a  typical 


OBSERVATIONS   \ 


1           PcinOTC 

des. 

' 

Ter.  coil 
volts 

Cril-  .urf,  inten.. 

Mm. 

volts 

]    Obi. 

Corr. 

Ell. 

Mai. 

Obs, 

c,U, 

1   -    lO.fl 

-      S  g 

1  ■*■    * 

1         16,2 
1         21  1 

1         33.(1 

'         M.3 
1         48.2 

i         91  4 

M 

71 

SS 

91 

IM 
118 

136 

21. 7 

20.8 

20  7 

21 

21  i 

21  3 

21.8 
21. B 

0.920 
0.996 

1   149 
1  WS 
I.SJ6 
1  SIS 

40.5 

42  0 

46.0 

i5l   1 

fl3.4 

fiR,4 
61  3 
70.8 

flO  7 
76  6 

Ofl.fl 
106  1 

41.300 

43,7.sa 
saiiso 
spisoo 

fi.V700 
-,2!  100 

43.1.10 
4.<>..'iOO 

118.600 

Koisoo 

S0.600 

a7!400 

66!  700 

isiooo 

>S.600 
80.300 

ssieoo 

series  of  observations  with  a  steel  rod  0,635  cm.  in  diameter  as 
the  central  conductor.  The  table  also  contains  a  column  giving 
the  values  calculated  from  the  expression  for  the  critical  surface 
intensity  as  affected  by  temperature  and  pressure   to  which 
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reference  has  already  been  made.  The  curves  of  Fig.  5  show  the 
relation  between  the  critical  surface  intensity  and  air  density 
as  calculated  from  formula  (1)  and  also  values  as  estimated 
from  the  readings  of  the  voltmeter  on  the  tertiary  coil. 

As  will  be  noted,  with  ascending  values  of  air  density  and 
therefore  critical  voltage,  there  is  an  increasing  difference 
between  the  values  calculated  from  formula  (1),  and  those 
estimated  from  the  low-voltage  readings.  As  stated  earlier  in 
the  paper,  the  explanation  lies  in  a  voltage  rise  due  to  charging 
current  taken  by  the  capacity  of  the  larger  corona  voltmeter, 
and  the  leakage  reactance  of  the  high-tension  winding  of  the 
transformer,  which  is  not  proportionally  reflected  in  the  voltage 
at  the  terminals  of  the  tertiary  coil.  The  amount  of  this  rise 
would  evidently  be  greater,  the  greater  the  value  of  the  charg- 
ing current  of  the  voltmeter  tube; 
that  is,  the  higher  the  value  of  the 
impressed  voltage.  The  curve  of 
the  observed  values,  therefore, 
shows  values  lower  than  those 
actually  reached  at  the  high- 
tension  terminals.  In  the  case 
of    the     50,000-volt     instrument,  ^ 

owing  to  the  very  much  smaller  f,g.  5  — Comparison  of 
capacity,  this  influence,  if  present  Voltage  as  Indicated  by 
at  all,  was  scarcely  noticeable.  Reading    ois    Tertiary  Coil 

The    above     results,     therefore,     *"«  Calculated  Values  at 
-.,.,,  -     ,  .  Different  Obnsitibs  OF  Air 

wnth    the    larger    instrument    are 

not  to  be  considered  as  an  attempt  at  calibration.  They  show 
rather,  that  in  applying  a  range  of  voltage  and  pressure  to  the 
instrument  to  test  its  value,  a  method  which  has  been  commonly 
relied  on  for  indicating  high-tension  voltages  in  transformers 
is  revealed  as  subject  to  large  error.  In  fact,  the  observations 
as  taken  constitute  a  conspicuous  example  of  the  value  of  the 
corona  voltmeter  in  checking  the  ratio  of  transformation  between 
the  tertiary  coil  and  the  high-tension  winding  of  a  transformer. 
The  only  open  question  is  the  accuracy  of  formula  (1),  and  this 
formula,  both  as  to  the  value  of  its  constants,  and  the  form  in 
which  the  values  arc  related,  is  agreed  upon  with  only  slight 
divergence  among  many  experimenters. 

Aside  from  all  question  of  the  accuracy  of  the  above  deductions 
the  instrument  has  been  carried  through  a  range  of  voltage 
between  50,000  and  100,000  volts.    Particular  values  of  voltage 
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as  indicated  by  the  instrument  on  the  low-tension  side,  and  by 
the  appearance  of  corona,  may  be  repeated  as  often  as  desired 
within  a  fraction  of  one  per  cent.  If  a  suitable  method  of  cali- 
bration can  be  devised,  a  calibration  curve  between  the  voltage 
and  pressure  may  be  drawn  giving  an  absolute  calibration  of 
the  instrument  in  terms  of  pressure  and  temperature. 

Method  of  Measurement  of  Voltage 

The  instrument  is  susceptible  of  usage  in  two  ways.  (1)  It 
may  be  set  for  a  given  voltage  and  the  applied  voltage  gradually 
raised  until  the  desired  value  is  reached,  as  indicated  by  the 
instrument,  or  (2)  with  an  unknown  voltage  applied  to  the 
terminals,  the  pressure  in  the  tube  may  be  gradually  lowered 
until  corona  appears. 

The  first  of  these  methods  would  be  that  commonly  used  in 
the  testing  of  insulation.  In  applying  this  method  the  necessary 
operations  are  as  follows:  Read  the  temperature  in  the  corona 
tube,  take  from  a  table  or  curve,  calculated  from  the  dimensions 
of  the  instrument,  the  value  of  pressure  which,  with  the  observed 
temperature,  corresponds  to  the  voltage  required.  Adjust  the 
pressure  to  this  value  by  means  of  a  hand  pressure  and  vacuum 
pump.  Gradually  raise  the  voltage  from  some  lower  value  until 
the  presence  of  corona  is  indicated  by  one  of  the  methods  already 
described. 

Table  V  gives  the  values  of  pressure  for  the  50,000-volt 
instrument  for  voltages  between  20,000  and  50,000  at  tempera- 
tures between  10  deg.  and  30  deg.  cent.  The  values  have  been 
calculated  as  follows: 

The  inner  tube  having  a  diameter  9.51  cm.,  and  the  central 
rod  a  diameter  of  0.396  cm.,  it  may  readily  be  shown  that  for 
a  difference  of  potential  V  between  the  central  conductor  and 
the  outer  tube,  the  electric  intensity  at  the  surface  of  the  cen- 
tral conductor  is  1.593  V.  The  critical  corona  forming  surface 
intensity  as  calculated  is  32  (6  +  0.665  y/S).  Equating  the 
two  expressions  and  giving  V  any  desired  value,  we  obtain 
corresponding  values  of  6.  Formula  (2)  gives  the  value  of  5. 
Since  p  is  the  pressure  in  centimeters  of  mercury  and  /  is  the 
temperature  in  centigrade  degrees,  we  at  once  obtain  for  any 
observed  temperature,  a  pressure  to  which  the  tube  may  be 
adjusted  in  order  to  show  corona  at  the  particular  voltage  V 
for  which  p  has  been  calculated.  Obviously  a  series  of  curves 
can  be  drawn  to  take  the  place  of  the  table  if  desired. 
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In  the  second  method  mentioned,  in  which  it  is  desired  to 
measure  the  value  of  an  unknown  voltage,  it  is  only  necessary 
to  run  the  pressure  in  the  tube  up  to  a  value  corresponding;  to 
a  voltage  known  to  be  above  that  to  be  measured.  The  pressure 
may  then  be  lowered  rapidly  by  allowing  the  air  to  escape  until 
corona  appears.  Having  approximated  the  voltage  by  this  means 
the  pressure  may  be  raised  again  above  the  value  at  which 
corona  appears  and  then  lowered  as  gradually  as  desirable 
in  order  to  establish  any  particular  degree  of  accuracy  of  obser- 
vation. The  table  of  pressures  as  described  above  may  also 
be  used  in  this  case.  In  using  this  method  it  is  inadvisable  to 
lower  the  pressure  by  any  considerable  amount  below  the  corona 
forming  pressure.  If  this  is  done  the  volume  of  corona  increases 
greatly,  which  may  result  in  spark-over,  and  which  if  allowed 
to  continue  will  make  it  necessary  to  clean  the  surface  of  the 
central  conductor. 

Pressures  may  be  read  if  necessary  on  an  ordinary  mercury 
gage.  If  this  is  done  it  is  also  necessary  to  read  the  actual 
value  of  the  atmospheric  pressure.  However,  pressure  gages 
are  available  which  read  absolute  pressure  directly,  thus  obvia- 
ting the  necessity  of  making  the  additional  observation  of  atmos- 
pheric pressure. 

Permanence  of  Calibration 

It  is  well  known  that  the  condition  of  the  surface  of  the  central 
conductor  as  regards  inequalities  has  an  important  bearing  on 
the  sharpness  with  which  corona  will  appear.  Small  specks 
of  dirt  cause  regions  of  high  electric  intensity  which  form  sparks 
or  point  discharges  at  voltages  below  that  corresponding  to 
corona  for  the  smooth  conductor.  In  the  use  of  the  instrument 
as  described,  therefore,  it  is  important  that  the  central  conductor 
should  be  carefully  cleaned  before  insertion  into  the  outer  tube. 

No  special  difficulty  is  met  in  so  cleaning  the  surface  of  the 
wire  that  no  preliminary  sparks  appear  and  so  that  the  appear- 
ance of  corona  is  not  only  sharply  marked  but  may  be  repeated 
many  times  without  a  variation  in  the  value  of  the  correspond- 
ing voltage. 

Time  Tests,  In  order  to  test  the  possibility  of  the  repetition 
of  the  readings,  a  series  of  observations  were  taken  on  a  volt- 
meter differing  somewhat  from  those  described,  extending 
over  a  period  of  five  months.  This  voltmeter  was  open  to  the 
air  and  subjected  only  to  atmospheric  variations  of  the  density. 
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Readings  of  the  corona  voltage  were  taken  four  or  five  times  a 
week  throughout  the  period,  and  showed  when  corrected  for 
temperature  and  pressure  a  maximum  deviation  of  six-tenths 
of  one  per  cent  from  the  calculated  value.  In  this  series  of 
observations  the  wire  was  cleaned  eve^  day  or  two. 

Permanence  of  Surface.  In  order  t*  determine  whether,  and 
to  what  extent,  the  surface  of  the  wire  deteriorates  with  use, 
a  number  of  tests  were  conducted  on  brass,  nickel,  and  silver 
plated  rods  in  addition  to  copper  and  steel  rods  commonly 
used.  These  tests  consisted  of  the  running  of  the  instrument 
continuously  with  voltage  slightly  above  the  corona  forming 
voltage,  interrupting  the  run  at  intervals  to  see  to  what  extent 
if  any,  the  observed  corona  voltage  had  been  lowered.  One 
per  cent  excess  voltage  will  result  in  a  well  formed  corona, 
while  five  per  cent  excess  gives  one  of  marked  volume  and  sound. 
The  results  were  as  follows: 

Brass  rod,  0.234  cm.  diameter,  primary  voltage  at  start  61.2; 
run  for  44  minutes  at  one  per  cent  excess  voltage  with  a  number 
of  intermediate  readings.  Corona  voltage  at  end  of  test  61 
volts,  a  change  of  about  one- third  of  one  per  cent. 

Nickel  plated  rod,  0.24  cm.  diameter,  voltage  at  start  61.5, 
run  for  48  minutes,  at  one  percent  excess  voltage  with  inter- 
mediate readings,  voltage  at  end  61.1  volts  a  decrease  of  less 
than  two-thirds  of  one  per  cent. 

Silver  plated  rod,  0.24  cm.  diameter,  corona  voltage  at  start 
61.5,  run  for  42  minutes  and  from  one  to  5  per  cent  excess 
voltage,  with  intermediate  readings;  corona  voltage  at  end  of 
test  61.5  volts,  thus  showing  no  deterioration. 

The  lowering  of  corona-forming  voltage  in  the  first  two  of  these 
wires  is  in  a  great  measure  accounted  for  by  the  elevation  in 
temperature  in  the  tube  due  to  the  presence  of  corona  and  is 
not  all  due  to  deterioration  of  the  surface.  Thus  in  the  case  of 
the  brass  wire  the  temperature  rose  during  the  test  from  23.9 
to  25.2  dcg.  In  the  case  of  the  nickel  rod  the  temperature  rose 
from  25.4  to  26.5  deg.  In  the  case  of  the  silver  rod  the  rise  in 
temperature  was  only  from  26.9  to  27.3  deg.  The  conclusion 
from  these  tests  therefore,  is  that  the  life  of  any  polished  conductor 
for  the  purpose  of  observing  corona  should  be  quite  long  for 
any  material  which  does  not  oxidize  freely  in  the  air. 

It  is  quite  obvious  that  the  design  of  the  corona  voltmeter 
as  already  described,  permits  the  ready  removal  of  the  central 
conductor  in  case  it  should  be  suspected  that  the  surface  is  not 


1916J  THE  CORONA   VOLTMETER  831 

clean.  The  use  of  the  telephone  as  a  detector  indicates  very 
promptly  the  presence  of  any  single  points  of  discharge,  such 
points  having  a  characteristic  sound  in  the  telephone  which 
is  quite  different  and  of  a  very  much  lower  intensity  than  that 
corresponding  to  full  corona. 

Dimensions 

The  dimensions  of  the  corona  voltmeter  are  apparently  deter- 
mined by  three  factors;  the  diameter  of  the  corona  tube,  the 
length  of  this  tube,  and  the  requirements  of  insulation  of  the 
connection  to  the  central  conductor  where  it  passes  through 
the  ends  of  the  outer  or  pressure  cylinder. 

The  diameter  of  the  corona  tube  is  largely  determined  by 
the  maximum  voltage.  It  has  a  simple  well-known  relation  to 
the  diameter  of  the  inside  conductor  for  any  particular  value  of 
corona  forming  voltage.  The  most  advantageous  relation  of 
these  two  diameters  has  not  yet  been  determined.  For  example, 
no  direct  study  has  been  made  of  the  increase  that  is  possible 
in  the  diameter  of  the  central  conductor  before  the  formation 
of  corona  is  coincident  with  that  of  spark-over.  For  smaller 
sizes  of  conductor  it  is  possible  to  raise  the  voltage  by  consid- 
erable amount  above  that  at  which  corona  starts  without 
resulting  spark-over.  With  increasing  diameter  of  conductor, 
however,  this  possible  range  above  corona  voltage  becomes 
narrower.  From  a  number  of  indirect  observations,  the  present 
experiments  seem  to  indicate  that  a  ratio  of  diameters  of  the 
inner  conductor  to  outer  cylinder  greater  than  0.1  is  apt  to  be 
attended  by  spark-over.  These  observations  have  largely 
determined  the  sizes  of  central  conductor  which  have  been  used 
in  the  two  instruments  described  above. 

The  length  of  the  interior  or  corona  cylinder  may  be  consid- 
erably less  in  each  case  than  those  adopted  in  the  two  types  of 
instrument  as  described.  In  order  to  determine  the  length 
absolutely  necessary  a  number  of  experiments  have  been  made 
on  tubes  of  the  same  diameter  but  of  varying  lengths,  under 
atmospheric  conditions.  With  tubes  6.35  cm.  in  diameter  and 
rods  0.317  cm.  in  diameter,  observations  of  corona  voltage  were 
made  with  tubes  of  lengths  four,  two,  one  and  five  tenths,  and 
one  diameters  in  length.  The  observations  show  that  with 
decreasing  lejigth  there  was  no  perceptible  rise  in  the  corona 
voltage  until  two  diameters  of  length  was  reached.  For  this 
length  there  was  an  apparent  rise  in  the  corona  voltage,  of  about 
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one-half  of  one  per  cent;  for  one  and  one-half  diameters  a 
rise  of  about  one  per  cent,  and  for  one  diameter  of  length  corona 
voltage  was  about  three  per  cent  higher  than  for  tubes  of  lengths 
four  or  more  diameters. 

It  should  be  noted,  however,  that  the  use  of  the  galvanometer 
as  the  indicating  instrument  requires  a  longer  inner  tube  in  order 
to  make  available  a  sufficient  amount  of  ionization  for  the  de- 
flection of  an  instrument  of  ordinary  sensitivity.  There  are 
obvious  advantages  in  the  use  of  a  galvanometer,  and  it  is 
our  opinion  that  on  this  account  it  is  not  advisable  to  attempt 
a  corona  tube  shorter  than  three  diameters. 

The  requirements  of  insulation  of  the  leading-in  conductors 
add  the  greatest  proportion  to  the  length  required  for  the  whole 
instrument.  The  conditions  here  are  much  the  same  as  at  the 
leading-in  terminal  bushings  of  a  transformer.  The  inner  end 
of  such  a  bushing  can  be  brought  fairly  close  to  the  inside 
cylinder  but  must  not  disturb  the  distribution  of  the  electric 
field  within  that  cylinder  nor  introduce  any  regions  of  higher 
intensity  outside  the  cylinder. 

The  observations  on  the  two  instruments  as  described  indi- 
cate that  it  would  not  be  possible  to  reduce  the  dimensions  of 
the  smaller  type  without  limiting  its  range.  The  larger  tjrpe, 
however,  is  unnecessarily  large  in  every  direction.  The  outer 
cylinder  can  be  reduced  somewhat  in  diameter  as  can  also  its 
length  without  modification  of  the  interior  corona  cylinder  and 
central  conductor.  The  interior  cylinder  can  also  be  reduced 
somewhat  in  length  without  seriously  inpairing  the  accuracy 
of  the  reading  of  the  indicating  instrument.  Apparently  it 
should  be  possible  to  construct  a  corona  voltmeter  for  100,000 
volts  with  an  over  alj  length  of  about  two  meters  and  a  maximum 
outside  diameter  of  45  to  50  cm. 

The  question  of  the  extreme  reduction  of  the  dimensions  of 
instrument  as  well  as  that  of  direct  calibration,  can  only  be 
determined  by  further  investigation.  It  is  the  hope  of  the  authors 
to  carry  forward  such  investigations.  The  present  paper  has 
as  its  principal  object  to  show  that  it  is  possible  to  construct 
and  operate  a  voltmeter  based  on  the  corona  principle,  which 
possesses  an  absolute  calibration,  a  wide  range,  a  high  degree  of 
constancy,  and  several  other  advantages  over  existing  instru- 
ments for  the  reading  of  high  voltage.  Thanks  are  extended  to 
Dr.  W.  B.  Kouwenhoven  and  Mr.  W.  S.  Brown  for  their  assist- 
ance with  the  oscillograms  and  in  other  particulars  throughout 
the  work. 
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Summary 

The  following  conclusions  seem  to  be  justified  by  the  experi- 
ments which  hav^  been  described: 

1.  An  instrument  making  use  of  the  appearance  of  corona  as 
an  indication  of  the  maximum  value  of  alternating  voltage 
has  been  devised  and  constructed  in  two  sizes  for  ranges  20,000 
to  50,000  volts  and  40,000  to  100,000  volts  respectively. 

2.  The  principle  of  operation  depends  on  a  natural  constant 
and  the  calibration  of  the  instrument  is  definitely  determined 
by  its  dimensions.  This  calibration  may  be  supplemented  by 
calibration  with  any  existing  standards. 

3.  In  setting  for  different  voltages  no  alterations  in  dimensions 
nor  other  maniptdation  is  necessary.  Variations  in  setting  re- 
quire changes  in  air  pressure  only.  The  necessary  changes  may 
be  effected  with  a  hand  pump. 

4.  Three,  and  if  necessary,  four  means  of  observing  the  indi- 
cations of  the  instrument  are  described.  They  may  be  used 
simultaneously,  thus  serving  as  checks  upon  each  other. 

5.  No  spark-over,  nor  arc,  nor  energy  consumption  occurs  in 
the  operation  of  the  instrument. 

6.  No  series  resistance  nor  condensers  are  necessary  to  its 
operation. 

7.  Observations  may  be  repeated  rapidly  and  any  number 
may  be  taken  with  one  setting. 

8.  The  calibration  is  within  wide  limits,  independent  of  wave 
form  and  frequency.  It  is  also  independent  of  electrostatic 
influence  of  neighboring  conductors  and  objects. 

9.  It  is  readily  constructed  in  portable  form. 

Johns  Hopkins  University,   Laboratory  of  Electrical  Engineering. 
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• 

Discussion  on  "The  Corona  Voltmeter'*  (Whitehead-Pul- 
len),  Cleveland,  Ohio,  June  29,  1916.  (See  Proceed- 
ings FOR  June,  1916.) 

L.  W.  Chubb:  Dr.  Whitehead's  paper  brings  before  us  a  new 
standard  voltmeter  which  I  think,  if  all  the  irregularities  can  be 
taken  out  of  it,  should  displace  the  sphere  gap  as  the  primary 
standard.  There  is  some  doubt  as  to  the  practicability  of  the 
scheme  for  a  working  or  secondary  standard. 

In  the  earlier  papers  Dr.  Whitehead  has  given  us  an  idea  of 
the  sharp  indications  of  the  appearence  of  corona  and  his  Table 
I  in  the  present  paper  certainly  is  an  exhibit  of  remarkable 
observations  by  three  different  methods;  and  we  are  to  under- 
stand that  the  fourth  method  also  checks  equally  well.  The 
structure  has  a  great  advantage  over  the  sphere  gap,  in  that  it 
is  independent  of  extraneous  objects.  Dirt  specks,  oil,  etc.,  to  a 
certain  extent,  affect  both  types  of  meters  but  the  enclosed  wire 
is  less  apt  to  have  dirt  settle  on  it. 

Several  other  schemes  for  crest  voltmeters  have  been  described 
in  the  Transactions  and  I  have  had  experience  with  all  of  them, 
including  the  Ryan  type  of  corona  voltmeter.  One  of  the  old 
students  of  Prof.  Ryan  set  up  a  cone-shaped  corona  voltmeter 
in  the  laboratory  several  years  ago,  and  tests  showed  that  the 
indication  of  transients  was  its  greatest  advantage.  When  a 
svu*ge  in  voltage  would  come,  you  could  see  the  corona  shoot 
toward  the  large  diameter  end  of  the  cone.  As  a  practical  in- 
strument, however,  and  for  indications  of  steady  voltage  it  did 
not  seem  to  be  a  success.  In  all  our  experience,  the  scheme  which 
was  reported  in  my  paper  at  the  midwinter  convention  last  Feb- 
ruary, wc  still  believe  is  the  most  practical  and  the  best  for  all 
around  testing. 

I  would  like  to  ask  Dr.  Whitehead  a  few  questions  in  regard 
to  the  paper.  In  the  first  place  he  speaks  of  not  having  an  ab- 
solute method  of  calibration,  and  points  out  that  the  value  of 
the  instrument  dejDcnds  upon  a  calibration,  which  can  be  ac- 
cepted universally.  At  the  present  time  the  calibration  depends 
upon  an  empirical  formula  for  the  electric  strength  of  air.  I 
believe  if  the  method  of  calibration  is  used,  that  was  presented 
in  our  1913  paper,  the  author  will  obtain  great  satisfaction, 
because  it  is  an  absolute  method  which  works  from  the  high- 
tension  side  and  depends  only  on  a  current  or  potential  standard 
and  the  physical  dimensions  of  a  guard-ring  air-condenser. 

The  crest-factor  calculations  in  the  paper  are  carried  out  too 
far.  I  have  foimd  that  it  is  very  hard  to  calculate  crest  factors 
accurately  with  small  ampHtude  oscillograms,  and  unless  a  vol- 
tage measuring  method  is  used  which  derives  voltage  from  the 
high-tension  winding  and  corrects  for  the  crest  factor,  there  may 
be  an  appreciable  error. 

I  was  surprised  at  the  inaccuracy  of  the  tertiary  coil  in  the 
tests.      It  was  more  than  is  usually  to  be  expected  and  the  dif- 
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ference  between  tertiary  voltage  and  calculated  voltage  should 
have  been  checked  by  tests  with  parallel  variable-load  reactance. 
I  would  ask  whether  humidity  has  any  effect  on  the  results  and 
whether  there  is  any  appreciable  error  in  reading  the  air  tem- 
perature inside  of  the  tube  It  seems  to  me  that  the  adiabatic 
expansion  and  compression,  due  to  rapid  change  in  pressure,  will 
cause  temperature  changes  which  cannot  be  followed  by  a  slug- 
gish thermometer.  I  would  suggest  that  a  test  be  made  to 
measure  the  same  voltage,  first  by  holding  the  voltage  constant 
and  letting  out  the  air,  then  by  holding  the  pressure  constant 
and  raising  the  voltage. 

I  would  ask  whether  improper  centering  and  vibration  of  the 
wire  will  affect  the  calibration,  and  whether  the  author  would 
expect  two  voltmeters  built  to  the  same  specifications  with  the 
usual  workshop  precision,  to  check  accurately 

Clayton  H.  Sluui):  It  seems  clear  to  me  that  Dr.  Whitehead 
has  given  us  a  splendid  instnmient,  which,  although  the  exact 
value  of  the  constant  may  not  be  known,  is  superior  to  anything 
we  have  now  for  the  pvu*pose  of  standardizing  high-voltage 
measurements.  It  may  not  make  an  everyday  working  instru- 
ment, perhaps  for  the  same  reason  that  the  Siemens  electro- 
djmamometer  is  not  a  good  working  instrument;  that  is,  that 
it  requires  an  extra  manipulation  to  give  a  reading,  namely  an 
adjustment  of  the  pressure  of  the  air.  Hence  it  is  not  so  quick 
as  a  direct-reading  instrument,  might  be,  but  as  a  standard 
instrument  it  seems  to  leave  little  to  be  desired,  when  once  the 
correct  value  of  the  constant  in  the  equation  has  been  determined. 

James  R.  Craighead;  We  should  give  Dr.  Whitehead  credit 
for  the  procedvu*e  he  pursued  in  the  development  of  this  instru- 
ment. It  was,  in  the  first  place,  simply  an  instrument  used  in 
air,  and  without  special  standardization  of  conditions  other  than 
the  exact  dimensions  of  the  physical  apparatus.  In  its  present 
form,  it  shows  a  degree  of  accuracy  which  should  be  amply 
satisfactory  for  its  use  as  a  standard,  and  the  reason  for  that 
accuracy  is  the  fact  that  the  conditions  have  been  so  carefully 
controlled. 

One  further  point — as  soon  as  you  inclose  a  high-voltage  con- 
ductor and  have  corona  develop,  there  is  an  ionization  of  the 
air,  which  is  used  as  an  indication  of  the  actual  development  of 
corona.  On  some  instruments  of  a  somewhat  similar  character, 
I  have  observed  that  a  certain  amount  of  that  ionization  remains 
for  a  considerable  period  of  time  in  the  enclosed  air,  and  I  should 
like  to  ask  Dr.  Whitehead  whether  he  has  any  difficulty  in 
repeating  immediately  and  frequently  successive  observations 
within  this  enclosed  chamber  without  any  device  for  ventilating 
in  order  to  produce  air  that  is  free  from  ionization. 

The  point  that  Mr.  Chubb  mentioned  in  regard  to  the  change 
of  temperature  that  is  associated  with  change  of  pressure,  seems 
to  me  to  be  especially  important.  If  we  are  to  measure  a  voltage 
by  the  use  of  an  air  pressure,  we  are  going  to  pump  air  at  a  de- 


836  THE   CORONA    VOLTMETER  [June  29 

finite  temperature  into  a  cylinder,  and  then  a  change  of  tem- 
perature will  be  going  on  within  the  cylinder  to  some  extent 
as  the  pressure  diminishes,  and  an  accurate  record  of  the  tem- 
perature at  the  moment  when  the  corona  appears  might  be 
diffcult  to  obtain. 

C.  Francis  Harding:  The  paper  presented  by  Dr.  Whitehead 
marks  another  signal  advance  toward  the  much  desired  primary 
standard  for  high- voltage  measurement  to  supersede  the  needle 
and  sphere  spark  gaps. 

In  analyzing  this  problem  of  the  measurement  of  high  voltages 
care  shoidd  be  exercised  not  to  confuse  methods  suitable  for 
fairly  accurate  practical  measurements,  with  the  requirements 
of  a  primary  standard  of  voltage.  A  primary  standard,  if  I 
imderstand  the  term  aright,  should  be  based  upon  fundamental 
laws,  a  knowledge  of  which,  together  with  the  constants  of  design 
of  the  apparatus  will  enable  such  a  primary  standard  voltage 
to  be  reproduced  under  any  local  conditions  which  may  exist. 
This  is  not  possible  with  the  needle  spark  gap  and  there  is  prob- 
ably some  error  in  the  hypothesis  and  therefore  in  the  values  of 
calculated  voltages  for  the  sphere  gap.  Several  investigators 
have  pointed  out  the  rather  large  errors  possible,  due  to  varying 
local  conditions  such  as  foreign  matter  upon  the  spheres,  dis- 
torted electrostatic  field  between  spheres,  effects  of  varying  air 
pressure,  temperature,  humidity,  frequency,  etc.  Furthermore 
the  present  dual  standard  of  needle  and  sphere  gaps  for  use  below 
and  above  50  kv.  respectively  is  particularly  objectionable  since 
the  two  standards  can  not  readily  be  made  to  coincide  at  the 
transition  point  where  both  should  be  correct.  Such  a  method 
gives  only  an  instantaneous  indication  of  the  voltage  and  the 
measurement  itself,  by  means  of  the  spark-over,  is  quite  likely 
to  disturb  the  circuit  to  such  an  extent  as  to  prevent  the  main- 
tenance of  the  desired  voltage  in  the  circuit,  not  to  mention  the 
impossibility  of  a  permanent  indication  of  the  same.  Both 
spark-over  methods,  although  valuable  for  practical  tests  are 
imsuited  for  use  as  permanent  primary  standards. 

The  application  of  a  definite  ratio  of  transformation  either 
from  a  constant-potential  transformer  or  from  a  voltmeter  coil 
of  a  high-voltage  transformer  to  the  present  primary  standard 
of  voltage  has  apparently  been  used  for  practical  measurements 
with  considerable  accuracy.  I  do  not  see  that  one  can  ever  hope 
to  use  it  however  as  a  high-voltage  standard,  since  it  is  depen- 
dent upon  the  condition  that  this  coil  inclose  the  average  flux 
of  the  secondary  coils  under  all  conditions  of  load  and  power 
factor.  While  this  condition  may  be  closely  approximated  by 
carefully  locating  the  voltmeter  coil,  one  would  not  feel  safe  in 
predetermining  such  a  ratio  from  design  data.  There  is  no 
way  to  prove  that  such  a  calculation  is  accurate  save  by  the  spark 
gaps,  and  the  latter  have  been  in  turn  based  upon  the  ratio 
method  in  the  first  place.  In  the  paper  imder  discussion  con- 
siderable error  has  been  reported  for  one  particular  placing  of 
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the  coil.  The  speaker  has  found  it  necessary,  in  the  determina- 
tion of  corona  losses  upon  transmission  lines,  where  the  volt- 
meter coil  was  used  as  a  convenient  intermediate  agent,  to  plot 
calibration  curves  between  standard  volts  determined  by  the 
present  sphere-gap  standard,  and  voltmeter  coil  readings  for 
each  change  of  secondary  connections.  For  example,  the  ad- 
dition of  800  feet  of  No.  4  B  &  S  transmission  line  with  a  12- 
foot  spacing  will  offer  sufficient  capacity  at  180  kv.  to  cause  the 
actual  ratio  curve  to  depart  8  per  cent  from  the  straight  line 
calculated  from  the  constant  ratio  which  is  accurate  at  lower 
voltages.  In  this  transformer  the  voltmeter  coil  is  made  up  in 
two  parts,  each  of  diameter  of  the  average  secondary  coil  and  so 
placed  as  to  inclose  as  nearly  as  can  be  predetermined  the  average 
flux  of  the  secondary.  This  error  is  about  the  same  as  that  re- 
ported by  Dr.  Whitehead  for  the  voltage  coil  method  with  the 
capacity  of  the  100-kv.  corona  voltmeter  in  circuit. 

In  looking  further  for  possible  primary  voltage  standards  it 
would  seem  logical  to  investigate  the  possibilities  of  making  use 
of  the  force  action  in  a  uniform  electrostatic  field  just  as  our  low- 
voltage  instruments  make  use  of  uniform  electromagnetic  fields. 
The  former  are  quite  as  readily  produced  at  high  voltage  as  are 
the  latter  at  low  voltages. 

In  a  written  discussion  of  the  paper  on  "Crest  Voltmeters", 
the  speaker  outlined  briefly  some  work  by  Messrs.  Phelps, 
Wright  and  Hobnan  carried  on  during  the  last  two  years  at 
Purdue  University  upon  the  use  of  force  action  between  parallel 
plates  at  high  voltages,  in  which  the  theoretical  calculated  con- 
stant ratio  between  voltage  and  distance  between  plates  for 
a  constant  force  action  was  very  closely  checked  in  actual  tests. 
This  apparatus,  constructed  upon  the  principle  of  the  Kelvin 
attracted  disc  electrometer,  may  have  some  possibilities  as  a 
primary  standard  for  high  voltages,  although  not  suitable  for 
use  in  a  portable  secondary  voltmeter. 

Another  investigator,  Mr.  L.  L.  Bouton,  also  of  Purdue  Uni- 
versity, has  this  year  shown  conclusively  that  there  is  little  of 
value  to  be  expected  from  an  instrument  based  upon  the  attrac- 
tion between  metal  spheres  of  large  size,  for,  although  test 
values  can  be  reproduced  more  readily  and  are  probably  less 
influenced  by  local  conditions  than  the  spark  gap,  yet  acctirate 
theoretical  determination  of  the  field  and  the  resulting  force 
action  between  spheres  is  very  difficult  when  the  diameters  of 
the  spheres  are  large  with  respect  to  the  distance  between  their 
centers. 

The  paper  imder  discussion  presents  another  apparently  very 
fertile  field  for  the  study  of  possible  high-voltage  standards. 
Although  many  factors  are  involved  which  should  and  probably 
can  be  readily  held  constant  in  such  an  instrument,  this  apparatus 
has  the  advantage  of  several  check  readings  for  determining 
the  critical  voltage.  It  would  seem  also  that  if  the  dielectric 
strength  of  air  under  specified  conditions  were  standardized, 
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that  this  method  of  determining  voltages  would  be  entirely 
reproducible. 

I  wish  to  emphasize  as  forcibly  as  I  may,  the  importance  of  the 
early  study  of  this  problem  of  high-voltage  standards  by  the 
proper  committee  of  the  Institute.  The  use  of  high  voltages 
has  become  so  general  that  we  must  have  something  more  de- 
finite to  use  as  a  reference,  a  standard  which  may  be  reproduced 
at  any  time  with  any  local  conditions,  guaranteeing  a  test  vol- 
tage determined  by  the  use  of  proper  constants  calculated  from 
the  dimensions  of  the  apparatus  involved  and  the  fundamental 
laws  of  the  electric  and  magnetic  circuits. 

F.  W.  Peek,  Jr.:  I  have  heard  a  great  many  argiunents  for 
and  against  the  various  methods  of  measiuing  high  voltages. 
It  is  generally  a  question  of  which  method  is  most  convenient 
and  most  adaptable  to  any  given  investigation.  All  of  the 
methods  discussed  have  their  advantages  and  disadvantages. 
In  investigating  high  voltages  of  extremely  short  duration, 
dvu*ations  in  the  order  of  a  millionth  of  a  second,  I  have  fotmd 
the  sphere  gap  necessary.  When  the  sphere  gap  is  properly 
used,  it  is  not  difficult  to  use  it  in  that  way,  it  will  measure 
correctly  a-c.  voltages,  d-c.  voltages,  and  transient  or  lightning 
voltages.  I  will  not  say  more  about  the  measurement  of  tran- 
sient voltages  here,  but  will  refer  you  to  my  paper  read  in  San 
Francisco,  September  1915.  This  paper  also  gives  the  charac- 
teristics of  transient  corona  produced  by  voltages  lasting  only 
one-millionth  of  a  second;  it  is  possible  to  see  this  corona  and 
to  detect  whether  the  wire  is  positive  or  negative. 

Jacob  Kunz:  It  is  possible  to  add  still  another  instnunent 
to  measure  d-c.  or  a-c.  voltages.  Dr.  Whitehead  has  used  the 
electroscope,  the  galvanometer,  and  the  telephone.  It  is  pos- 
sible still  to  add  to  those  corona-measiuing  devices  an  instru- 
ment which  directly  indicates  pressure,  because  as  soon  as  the 
corona  starts,  either  d-c.  or  a-c.  corona,  the  pressure  increases 
noticeably  and  measureably.  It  is  very  easy  in  the  case  of  air 
with  voltages  only  as  high  as  10,000  volts  to  get  an  instantaneous 
increase  of  the  pressure  to  say  3  cm.  of  mercury.  This  new  volt- 
meter, which  is  based  on  the  increase  of  the  pressure  due  to  the 
corona  itself,  is  very  accurate,  and  we  have  found  recently  you  can 
use  this  increase  of  pressure  by  means  of  an  aneroid  barometer  to 
measure  voltage  or  current;  the  positive  corona  ourent,  at  least 
being  proportional  to  the  increase  of  the  pressure,  so  that  by 
an  aneroid  barometer,  one  can  also  measvu*e  currents  and  poten- 
tial differences. 

This  brings  out  a  precaution  which  has  been  taken  in  this 
instrument  of  Dr.  Whitehead's,  namely,  that  it  uses  change 
of  pressure  in  order  to  find  the  starting  point  of  the  corona, 
but  when  the  corona  starts,  then  the  corona  itself  changes  its 
pressure.  There  is  a  reaction  of  the  pressure,  as  the  corona 
increases  the  pressure  itself  increases,  and  if  you  keep  the  corona 
going,  in  a  little  while  heat  will  be  developed,  which  has  to  be 
taken  into  account  also. 
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Concerning  the  constants  of  the  formulas — we  have  thirty- 
two  in  the  formula  of  Whitehead,  and  a  different  constant  in  the 
formula  of  Peek. 

I  think  a  careful  investigation  should  be  made  into  these 
constants,  because  Farwell  found  that  these  characteristic 
constants  in  the  corona  are  distinctly  different  for  positive  and 
negative  corona. 

Then  it  has  just  been  mentioned,  that  the  a-c.  corona  for  high 
frequency  is  different  from  the  a-c.  corona  for  low  frequency, 
or  d-c.  corona;  indeed,  you  can  make  experiments,  and  if  you 
use  d-c.  corona  and  introduce  only  a  little  spark  gap  of  a  mm., 
or  half  a  mm.,  then  the  visual  phenomenon  of  the  corona  is  en- 
tirely changed  and  the  characteristics  also  are  very  much  changed. 
So  far  as  I  tmderstand  Townsend  and  Watson,  they  always 
used  spark  gaps  in  connection  with  the  corona,  and  through 
these  spark  gaps  the  nature  of  the  visual  corona  is  entirely 
changed;  for  instance,  in  a  d-c.  corona  with  the  spark  gap,  the 
positive  wire  is  surrounded  by  a  tmiform  glow  and  the  rest  of 
the  tube  is  dark.  If  a  spark  gap  is  introduced,  however,  the 
whole  corona  is  filled  with  streams  of  light,  which  are  separated 
from  each  other,  and  in  some  cases  they  are  very  uniform  and 
the  whole  tube  glows  uniformly. 

Corona  assiunes  quite  a  different  character,  for  instance, 
in  the  case  of  hydrogen.  Experiments  have  been  made  in  our 
laboratory  on  corona  in  hydrogen  and  other  gases,  and  the  char- 
acteristics between  positive  and  negative  corona  are  entirely 
different.  They  do  not  resemble  each  other — one  is  a  contin- 
uous and  the  other  is  a  discontinuous  corona,  and  the  negative 
corona  appears  in  the  form  of  beads,  while  the  positive  corona 
is  uniform.  In  this  case,  the  difference  between  positive  and 
negative  corona  in  hydrogen,  is  so  great  that  the  hydrogen  corona 
tube  can  be  used  as  a  rectifier.  We  have  been  able  to  rectify 
voltages  up  to  10,000,  and  there  is  no  reason  why  we  should 
not  be  able  to  rectify  100,000  volts. 

John  B.  Taylor:  Can  the  method  of  determining  corona 
formation  by  listening  for  soimd  in  a  telephone  receiver  be  used 
when  working  with  continuous  voltage? 

F.  W.  Peck  Jr.:  Some  years  ago  we  rectified  by  corona  in 
air.    A  full  description  of  this  is  given  in  an  Institute  discussion. 

J.  B.  Whitehead:  I  think  all  of  the  speakers  have  agreed 
that  our  instrument  has  some  promise  as  a  standard.  That  was 
our  chief  object.  Our  feeling  is  also  quite  pronounced  that  it 
will  also  be  a  working  standard,  but  we  are  quite  satisfied  at 
this  time  to  find  such  a  unanimity  of  feeling  that  there  is  here 
the  possibility,  at  least,  of  an  ultimate  standard  of  high  voltage. 

As  to  the  cone  shaped  wire  mentioned  first  by  Mr.  Chubb  and 
last  by  Dr.  Lloyd.  The  cone  shaped  wire,  in  giving  the  direct 
scale,  has  this  one  difficulty — that  the  presence  of  corona  causes 
a  slight  elevation  of  temperature.  This  slight  elevation  of  tem- 
perattire  means  that  corona  will  appear  at  a  lower  voltage,  so, 


840  THE   CORONA    VOLTMETER  tJunc  29 

consequently,  if  you  use  the  cone  shaped  wire,  even  supposing 
you  hit  the  actual  voltage  immediately  by  seeing  the  point 
along  the  length  of  the  wire  at  which  it  comes  out.  that  position 
will  change  almost  at  once.  Corona  on  a  vertical  wire,  is  often  seen 
to  walk  up  the  wire,  owing  to  this  cause,  hence  the  difficulty 
of  securing  anything  like  permanence  in  the  graded  diameter. 

As  to  the  determination  of  peak  factors,  the  general  conditions 
under  which  our  oscillograms  were  taken  are  described  in  the 
paper.  A  third  decimal  place  has  slipped  in,  as  a  result  of  taking 
an  average  of  several  values.  I  agree  with  Mr.  Chubb  that  it  is 
not  possible  to  measure  peak  factors  to  the  third  decimal  place. 
However,  the  gradual  variation  of  the  peak  factor  as  described 
in  the  paper  was  quite  obvious  in  our  determinations,  taken 
over  a  wide  range.  The  comment  is  quite  proper.  The  weakest 
point  in  the  determination  of  maximum  value  readings  of  voltage 
from  the  low-tension  side,  is  the  oscillogram. 

The  transformer  which  we  used  was  constructed  before  the 
engineers  who  are  interested  in  the  possibilities  of  the  tertiary 
coil  were  quite  as  certain  as  to  the  accuracy  attainable,  as  they 
are  now.  Having  consulted  them,  they  agree  that  the  design 
of  the  transformer  that  we  have,  as  regards  the  tertiary  coil, 
could  be  greatly  improved.  My  comments  on  that  point  are 
not  intended  in  any  sense  to  depreciate  the  present  day  value 
of  the  tertiary  coil,  as  a  means  of  measurement. 

As  regards  the  htmiidity  inside  of  the  tube,  if  you  allow  the  air 
in  a  corona  tube  to  expand  very  rapidly  through  an  orifice,  you 
will  undoubtedly  get  cooling  as  you  will  everywhere  in  the  rapid 
expansion  of  air,  and  you  will  also  have  condensation  of  moisture. 
In  our  experiments,  this  matter  is  readily  taken  care  of  by  pro- 
viding a  large  opening  for  the  air  and  letting  it  out  so  slowly  that 
you  do  not  get  appreciable  cooling  and  condensation.  By  pro- 
viding large  enough  openings,  the  air  can  be  changed  very  readily, 
and  you  can  get  as  uniform  a  distribution  of  temperattu^  as  you 
please.  The  temperature  is  measured  with  a  thermometer  inside. 
So  far  as  we  have  been  able  to  observe  we  have  not  found  any 
indications  that  this  is  a  serious  difficulty — ^indeed,  we  have  not 
observed  it  as  a  difficulty  at  all,  we  have  never  found  anything 
other  than  a  slow  change  of  one  or  two  degrees  throughout  the 
course  of  a  full  run. 

The  centering  of  the  wire  is  purely  a  mechanical  process. 
We  have  suitable  templates  for  the  inner  tube  of  the  voltmeter, 
as  shown  in  the  diagram,  and  these  templates  can  be  adjusted 
through  the  side  hole  which  is  large  enough  to  get  your  hand 
in,  and  by  looking  into  the  side  hole  at  right  angles  and  shifting 
the  template,  it  is  easy  to  determine  the  centering.  The  final 
centering  is  done  in  the  instnmients  we  described  at  the  ends. 
The  holes  through  the  insulators  are  large  enough  to  give  us 
quite  three  or  four  mm.  in  any  direction,  and  this  is  found  to 
meet  the  situation. 

Mr.  Craighead  raises  the  question  about  ionization.     Some 
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of  my  earlier  experiments  convinced  me  at  least,  although  not 
every  one,  that  the  normal  ionization  in  the  air  has  no  effect 
on  the  beginning  of  corona.  These  experiments  included  the 
location  of  radio-active  substances  in  the  neighborhood,  il- 
luminating the  wire  for  ultra-violet  light,  and  other  well  known 
sources  of  ionization,  so  that  there  was  no  lowering  of  corona 
voltage. 

On  opening  the  corona  voltmeter  after  prolonged  use,  there 
is  very  decided  evidence  of  ozone.  We  have  never  been  able  to 
detect,  however,  any  variation  from  the  calculated  values  of 
corona. 

With  reference  to  Prof.  Kunz's  very  interesting  description 
of  the  use  of  the  elevation  of  pressure  as  corona  detector  I  hope 
he  will  present  the  results  of  his  studies  in  that  direction,  so  that 
we  may  have  a  complete  account  of  them.  I  would  like  to  call 
attention,  however,  to  the  fact  that  in  the  use  of  the  corona  volt- 
meter by  which  we  read  pressures  to  one-quarter  of  an  mm., — 
of  course,  we  could  read  them  more  closely,  but  that  is  quite 
sufficient  to  give  an  accuracy  of  less  than  one-half  per  cent — we 
have  never  detected  any  increase  in  pressvu*e  due  to  the  presence 
of  corona.  That  does  not  mean  Prof.  Kunz  has  not  found  the 
increase  of  pressvu*e,  but  we  are  working  on  the  threshold  ap- 
pearance of  corona  where  the  increase  of  pressure  is  very  small. 
It  is  very  small  because  we  have  quite  a  large  volume  of  air  in 
the  corona  voltmeter,  and  it  is  only  the  initial  appearance  of 
corona;  consequently  there  is  a  generation  of  but  very  few  ions, 
considered  with  reference  to  the  nimiber  of  molecules  in  the  whole 
voliune  of  the  system.  The  use  of  elevation  of  pressure  as  the 
result  of  corona  would  seem  to  me  to  be  subject  to  this  very 
limitation  that  he  speaks  of  in  the  resulting  temperatvu*e.  Cer- 
tainly we  have  found  that  if  we  carry  the  voltage  above  the 
corona-forming  voltage,  five  or  ten  per  cent  above,  so  as  to  get 
a  large  corona,  changes  in  temperature  are  immediately  obvious, 
and  consequently  they  would  introduce  error. 

Prof.  Kunz,  I  am  sure,  will  be  interested  to  hear  that  we  have 
carried  out  some  d-c.  experiments  during  the  past  year,  in  which 
we  have  been  able  to  get  negative  corona  without  the  appearance 
of  beads,  and  I  believe  that  the  negative  corona  without  the 
appearance  of  the  beads  and  localized  spots  is  simply  a  question 
of  constancy  of  circuit  conditions  and  of  clean  surface.  That  is 
our  conclusion.  If  you  allow  negative  corona  to  remain  any  time, 
after  awhile  it  will  form  into  these  beads,  but  there  is  no  doubt 
that  negative  corona  can  be  obtained  without  the  localized 
sparks. 

As  to  Mr.  Taylor's  question — the  sound  given  out  by  the 
corona  is  not  the  note  corresponding  to  the  frequency  of  the  cir- 
cuit, it  is  entirely  due,  in  my  opinion,  to  indiscriminate  snapping 
sparks  over  the  minute  irregularities  of  the  surface  of  the  wire, 
irregularities  which  cannot  be  gotten  rid  of,  although  we  polish 
it  to  a  very  high  degree.    Therefore,  although  we  have  not  before 
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US,  the  account  of  our  experiments  on  the  sound  of  d-c.  corona, 
I  feel  sure  that  the  sound  could  be  used  there  also. 

Since  the  experiments  reported  in  the  paper,  we  have  compared 
the  corona  voltmeter  with  the  sphere-gap,  as  shown  by  Fig.  1. 
The  upper  solid  curve  is  the  calculated  corona  curve,  using  the 
formula  of  my  work,  namely  32,  for  the  first  constant,  or  0.518 
for  the  second.  The  long  dash  upper  line  is  the  curve  of  corona 
voltage  as  taken  from  Mr.  Peek's  formula,  namely,  31  for  the 
first,  and  the  second  constant  is  0.54.  The  curves  are  plotted 
between  kilovolts  per  centimeter  at  the  surface  of  the  wire,  and 
the  range  of  atmospheric  change,  affecting  the  whole  range  of 
the  abscissa,  is  10  or  15  cm.  below  atmosphere,  to  45  or  50  cm. 
above  atmosphere,  so  that  this  is  a  rather  wide  range  of  air 
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density,  and  therefore  the  difference  between  Mr.  Peek's  con- 
stant and  my  own  appears  somewhat  intensified. 

Now,  then,  the  lowest  curve  with  the  cross  marks  gives  the 
observations  on  the  tertiary  coil  of  the  transformer. 

The  tables  shown  in  the  paper  give  the  accuracy  with  which 
the  low-tension  reading  can  be  repeated,  and  the  circles  with  the  ■ 
dots  represent  the  sphere  gap  readings,  all  these  measurements 
being  taken  on  a  I2.,')-cm.  sphere  gap.  The  readings  were  taken 
as  follows:  We  would  set  the  pressure  and  gradually  raise  the 
voltage  until  corona  appeared  with  the  spark  gap  in  paral- 
lel with  the  corona  tube,  set  to  a  value  which  we  knew  was 
too  great  for  spark-over.  Keeping  the  pressure  in  the  tube  con- 
stant we  would  repeat  over  and  over  again  the  corona  observa- 
tion, closing  the  sphere  gap  by  1/100  mm.  each  time.     Finally 
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we  came  to  a  voltage  value  in  which  the  sphere  gap  would  let 
go  just  before  we  had  the  corona. 

The  interesting  point  about  the  curve,  it  seems  to  me,  is  that 
it  shows  that  the  calibration  of  the  spark  gap  and  Mr.  Peek's 
corona  values,  are  of  cotu'se,  coincident  because  they  are  based 
on  the  same  standards  and  methods  of  measurement.  The 
falling  of  the  tertiary  coil  observations  below  these  is  entirely 
due  to  the  construction  of  the  tertiary  coil.  The  variation  of  the 
spark-gap  determination  from  the  calculated  curve  would  not 
ordinarily  be  considered  great.  I  call  attention  to  the  irregulari- 
ties of  the  gap  readings  as  compared  with  those  of  the  corona, 
as  referred  to  their  respective  curves. 


esentrd  at  the  33</  Annual  Convention  of 
the  American  Institute  of  Electrical  Engineers, 
Cleveland,  O.,  June  29.   1910. 

Copyright  1916.     By  A.  I.  E.  E. 


THEORY  OF  PARALLEL  GROUNDED  WIRES  AND 

PRODUCTION  OF  HIGH  FREQUENCIES  IN 

TRANSMISSION  LINES 


BY  E.  E.  F.  CREIGHTON 


Abstract  of  Paper 

The  overhead  grounded  wire  is  used  for  three  purposes: 
lightning  protection,  mechanical  support  for  towers,  and  a 
test  circuit.  The  functions  of  the  grounded  wire  are  subdivided 
into  at  least  four  categories:  First,  the  vertical  grounded  wire; 
second,  the  lightning  rod  extending  above  the  ground;  third 
the  electrostatic  induction  in  the  horizontally  situated  wires,  and 
fourth,  electromagnetic  induction. 

The  vertical  wire  prevents  splitting  of  the  poles.  The  light- 
ning rod  is  of  mooted  desirability.  The  electrostatic  induction 
for  a  given  cloud  on  wires  under  various  conditions  is  worked 
out  in  this  paper.  There  is  given  also  the  protective  values  of 
overhead  grounded  wires  in  different  positions  and  in  different 
numbers.  The  effects  of  electromagnetic  inductions  have  been 
taken  into  account.  Theory  is  given  to  show  that  the  grounded 
wire  introduces  into  the  main  wave  of  induced  lightning  surge 
a  superposed  high  frequency  of  electromagnetic  induction. 

The  several  factors  to  be  taken  into  account  in  the  process 
of  determining  the  protective  value  of  a  grounded  wire  are  as 
follows : 

1.  Strength  of  electric  field  in  the  neighborhood  of  the  line 
wires. 

2.  The  direction  of  the  gathering  charge  in  the  cloud,  that  is 
the  path  of  the  discharge  relative  to  the  line.  })arallel  or  perpen- 
dicular to  the  line  before  it  turns  vertically  downward  to  the 
earth. 

3.  The  screening  effect  obtained  by  the  use  of  several  wires, 
with  and  without  grounded  wires. 

4.  The  initial  momentary  potential  induced  on  a  wire  at  the  in- 
stant the  cloud  discharges  to  earth. 

5.  An  instant  after  the  lightning  discharge  has  taken  place,  the 
sudden  increase  in  capacitance  between  the  power  wire  and  the 
adjacent  parallel  grounded  wire. 

6.  The  effect  of  the  number  and  location  of  parallel  grounded 
wires. 

7.  The  effect  of  electromagnetic  induction  between  the  hori- 
zontal part  of  the  grounded  wire  and  the  parallel  power  wires,  in 
whicl^  the  energy  of  the  lightning  charge  on  the  grounded 
wire  IS  more  or  less  transferred  to  the  power  wire,  instead  of 
being  dissipated  in  the  earth.  High  frequencies  are  produced 
in  this  transformation. 

8.  The  gradual  transference  of  the  charge  which  travels 
along  the  power  wire  to  the  successive  sections  of  the  grounded 
wire  and  its  dissipation  in  the  earth. 
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A  cloud  charge  is  chosen  of  such  value  as  to  produce  corona 
potential  on  a  No.  000  B.  &  S.  wire,  strung  at  a  height  of  1000 
cm.  (33  ft.)  above  the  surface  of  the  earth.  This  storm  cloud  is 
used  as  a  standard  in  all  case.5  for  comparison.  The  induced  volt- 
age on  any  wire  by  lightning  is  directly  proportional  to  the 
height  of  the  wire  above  the  earth.  The  induced  quantity  is 
not  quite  proportional  due  to  the  variations  in  the  capacitance 
of  the  wire  at  different  heights.  For  heights  between  30  and 
60  ft.  (9.1  and  18.2  m.),  however  the  quantity  can  be  considered 
as  approximately  proportional  to  the  height. 

The  quantity  induced  on  the  wire  is  only  slightly  affected  by 
the  diameter  of  the  wire.  This  leads  to  the  conclusion  that  a 
small  grounded  wire  is  nearly  as  effective  as  a  more  expensive 
large  one. 

The  theory  is  given  to  show  that  even  on  a  non-grounded 
circuit  a  charge  can  be  induced  by  a  cloud  and  produce  practi- 
cally the  same  potentials  as  when  the  circuit  is  grounded.  The 
only  exception  is  that  of  circuits  of  short  length. 

The  instantaneous  value  of  induced  potential  on  a  circuit  is 
independent  of  the  number  of  wires  used.  Using  a  greater 
number  of  wires  reductes  the  quantity  per  wire  but  does  not 
decrease  the  instantaneous  value  of  the  potential  at  the  instant 
the  cloud  discharges  to  earth.  Even  the  grounded  wire  may 
take  the  full  potential  and  give  no  relief  at  the  first  instant. 
Whether  it  does  or  not  depends  upon  how  quickly  the  discharge 
takes  place  from  cloud  to  earth,  and  how  frequently  along  the 
line  the  grounded  wire  is  earthed.  There  is,  however,  a  screen- 
ing of  electrical  energy  by  increasing  the  number  of  power 
wires.  In  other  words,  each  surge  has  less  energy  although  it 
has  not  initially  less  potential. 

There  is  given  a  table  of  the  reduction  of  quantity  per  wire 
as  the  wires  increase  in  number  from  one  to  seven. 

The  two  factors  in  the  electrostatic  protection  of  the  overhead 
grounded  wire  are  screening  and  increase  of  capacitance  of  line 
wires.  The  presence  of  the  grounded  wire  reduces  the  quantity 
induced  on  each  of  the  power  wires  and  incidentally  after  the 
cloud  discharges  to  earth  the  grounded  wire  takes  over  part  of 
the  charge  from  the  power  wires  and  in  taking  it  the  capacitance 
of  each  power  wire  is  increased.  Therefore,  with  the  same 
quantity  of  electricity  the  potential  is  reduced  by  this  increase 
in  capacitance. 

The  protection  afforded  by  one  parallel  grounded  wire  can 
be  expressed  as  a  very  simple  equation.  The  protection  for  each 
power  wire  can  be  calculated  entirely  independent  of  how  many 
there  are. 

The  general  equation  to  express  the  protection  afforded  by 
two  parallel  grounded  wires  is  more  complex  but  if  the  two 
grounded  wires  are  placed  far  apart  their  protective  values  can, 
with  only  a  small  error,  be  calculated  independently. 

As  the  charge  runs  to  earth  on  the  grounded  wire  at  the  instant 
the  cloud  discharges,  it  induces  on  the  line  wire  by  electro- 
magnetic induction  a  considerable  voltage  in  the  usual  conditions 
of  the  overhead  grounded  wire  with  low  resistance  in  the  earth 
connections  and  from  which  part  of  the  protection  afforded  by 
the  grounded  wire  is  lost  by  the  fact  that  the  energy  oscillates  in 
the  ground  circuit  and  is  transferred  to  the  power  wire. 

The  natural  frequency  of  this  wave  train  is  found  by  multiply- 
ing 183,000  miles  (300,000  km.)  per  second  by  the  number  of 
earthjfconnections  per  mile  of  grounded  wire.  The  frequency  is 
usually  over  a  million  cycles  per  second. 

Traveling  waves  are  more  or  less  absorbed  as  they  pass  each 
successive  loop  of  the  grounded  wire,  according  to  the  value  of 
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the  resistance  of  earth  connection.  In  any  case  an  endeavor 
should  be  made  to  have  the  resistance  in  the  earth  connection 
somewhere  near  the  critical  damping  value.  This  prevents 
initial  oscillations  in  the  ground  circuit  and  also  increases  the 
rate  of  absorption  of  a  traveling  wave. 

A  slight  amount  of  high  frequency  is  produced  in  a  circuit 
by  transposition  of  power  wires.  This  may  be  of  the  order  of 
2  per  cent  to  6  per  cent  of  the  main  voltage. 

The  general  deductions  for  practical  use  taken  from  the 
theory  given  are  as  follows:  From  a  theoretical  standpoint  a 
single  grounded  wire  should  be  placed  as  near  as  practicable 
to  the  power  wire  in  order  to  get  the  greatest  electrostatic 
protection.  The  grounded  wires  are  a  little  more  effective  when 
placed  above  a  power  wire  than  when  placed  below  it. 

In  installing  overhead  grounded  wires  the  greatest  advantage 
can  be  obtained  by  keeping  the  overhead  grounded  wires  as  far 
apart  as  possible,  that  is  to  say,  installed,  as  far  as  practicable 
on  opposite  sides  of  the  power  wires.  The  protective  value  of 
the  second  wire  will  then  have  its  full  maximum  possible  value. 
Also  from  the  electromagnetic  standpoint,  the  two  wires  should 
be  placed,  so  far  as  practicable,  on  opposite  sides  of  a  power  wire 
in  order  to  reduce  to  a  minimum  the  transfer  of  surge  energy  to 
the  power  wire. 

The  most  practicable  condition  of  protection  by  four  grounded 
wires  is  to  use  the  four  wires  in  a  rectangular  formation  which 
gives  the  widest  separation.  Naturally  two  will  be  above  the 
power  wires  and  the  other  two  will  be  either  below  or  at  each 
side  about  on  a  level  with  the  two  lowest  power  wires.  The 
mechanical  conditions  of  installation  will  dictate  where  these 
wires  will  be  hung  and  it  is  necessary  to  follow  the  rule  to  make 
the  distances  between  the  several  grounded  wires  as  great  as  the 
conditions  will  permit  and  still  keep  the  grounded  wires 
as  near  a  power  wire  as  safe  mechanical  clearance  will  justify. 


I — Introduction 

THE  OBJECT  of  this  paper  is  several-fold;  primarily  it  is 
an  endeavor  to  place  the  practise  of  the  use  of  overhead 
grounded  wires  on  a  firmer  engineering  footing  and  to  discuss 
the  conditions  of  line  construction  which  cause  and  suppress 
high-frequency  surges.  The  desire  is  to  present  the  material 
so  that  the  conditions  of  installation  may  be  made  to  give  the 
greatest  degree  of  protection  with  a  minimum  of  undesirable 
reaction  and  lowest  cost. 

In  the  mathematical  analysis  there  is  no  so-called  higher 
mathematics.  The  difficulties  involved  are  due  simply  to  the 
extremely  long  simultaneous  algebraic  equations.  It  is  a  matter 
of  labor  more  than  skill.  The  basis  of  this  analytical  work  was 
given  by  Maxwell,  Kelvin  and  Heavyside  and  their  familiar 
notation  is  used.  Since  most  engineers  of  power  systems  are 
too  occupied  with  other  problems  to  juggle  involved  logarithmic 
equations,  all  this  analysis  is  separated  from  the  main  body  of 
the  paper  and  is  given  only  as  a  means  of  checking  up  the  writer's 
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conclusions.  In  most  cases  the  analysis  of  the  value  of  a  grounded 
wire  reduces  to  very  simi)le  formulas,  due  to  the  cancellation 
of  many  factors  in  the  long,  involved  equations. 

Many  operating  engineers  have  noted  high  potentials  across 
choke  coils  of  low  inductance  and  other  phenomena,  which 
point  directly  to  the  presence  of  extremely  high  frequencies  in 
traveling  waves  on  the  line.  An  endeavor  has  been  made  to 
analyze  the  i)ossible  sources  of  high  frequency.  There  are  at 
least  four  of  these  sources. 

The  earliest  use  of  the  overhead  grounded  wire  is  somewhat 
hidden  in  obscurity,  due  to  the  fact  that  the  engineers  of  that 
date  were  not  prolific  in  writing  up  their  engineering  feats. 
The  earliest  application  of  parallel  grounded  wires  that  the  writer 
has  been  able  to  get  track  of  was  made  by  Mr.  C.  C.  Chesney  on 
the  original  polyphase  transmission  plant  at  Housatonic,  Mass. 
in  1891.  It  seems  that  the  next  plant  to  use  it  was  the  Montreal 
Light,  Heat  and  Power  Co.  transmitting  power  fromShambley 
Falls  to  Montreal.  The  overhead  grounded  wire  gradually 
found  its  way  into  practise  by  reason  of  the  strong  endorsements 
of  a  number  of  engineers,  notably  among  whom  was  Dr.  C.  P. 
Steinmetz.  The  use  of  overhead  grounded  wire  was  a  mooted 
problem  among  engineers  over  a  period  of  many  years. 

II — Analysis   of  the   Uses   of   the   Overhead    Grounded 

Wire 

The  first  question  to  settle  in  discussing  the  overhead  grounded 
wire  is  its  purpose.  Its  primary  use  is  of  course  for  protection 
against  lightning  and  it  is  recognized  also  as  a  strengthening 
support  between  towers.  Mr.  J.  Lawson  has  recently  stated  that 
the  grounded  wire  on  a  wooden  pole  line  is  used  also  as  a  means 
of  testing  for  defective  insulators.  The  three  recognized  uses 
then  are:  lightning  protection,  mechanical  support  for  towers 
and  poles,  and  a  test  circuit.  The  use  which  is  of  interest  in 
the  following  discussion  is  solely  that  as  a  protector  against 
electrical  and  magnetic  disturbances  in  the  surrounding  atmos- 
phere. 

Even  as  a  protector  against  lightning  the  function  of  the 
grounded  wires  may  be  subdivided  into  at  least  four  categories: 
First,  the  vertical  grounding  wire,  second,  a  lightning  rod  extend- 
ing above  the  line,  third,  electrostatic  induction  in  the  hori- 
zontally situated  \Nires,  and  fourth,  electromagnetic  induction. 
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III — First  Category — Protection  Against  the  Splitting 

OF  Poles  by  the  Vertical  Conductor  which  at  One 

End  Is  Buried  in  the  Earth  and  Runs  the 

Height  of  the  Pole 

This  part  of  the  grounded  wire  system  has  been  used  from 
early  times  in  telegraph  construction  quite  independent  of  the 
horizontal  grounded  wire  which  parallels  the  power  wire,  and 
is  still  standard  practise  for  telephone  and  telegraph  circuits. 
Every  fifth  wooden  pole  is  protected  this  way.  As  such,  this 
vertical  grounding  wire  is  a  protection  not  against  electrostatic 
induction  or  electromagnetic  induction,  but  against  the  damag- 
ing effect  on  wooden  poles  of  a  direct  bolt  of  lightning.  This 
vertical  grounding  wire  performs  the  same  function  when  used 
in  combination  with  the  horizontal  wire  and  at  the  same  time 
it  is  an  essential  part  of  the  horizontal  wire  in  protecting  against 
induction  by  acting  as  an  earthing  contact  to  the  horizontal 
wire.  How  frequently  along  the  line  these  vertical  earthing 
wires  should  be  used  is  a  question  of  importance  to  be  discussed 
as  the  subject  is  developed. 

IV — Second  Category — A  Lightning  Conductor  Extending 

Above  the  Top  of  the  Pole  or  Tower  Is  Designed 

TO  Act  as  an  Electrode  to  the  Bolt  from 

THE  Cloud 

The  value  of  this  rod  lies  in  the  possibility  of  its  greater 
height  keeping  the  arc  flame  from  being  blown  between  the 
phases  of  the  power  wires,  which  would  cause  a  short  circuit. 
Used  as  such,  it  has  nothing  to  do  with  the  electrostatic  induction 
and  functions  only  in  cases  of  direct  stroke  on  the  line.  To  the 
writer's  knowledge  its  value  has  never  been  definitely  deter- 
mined by  calculations,  experimentation,  or  use.  Its  use  has 
not  been  very  great.  The  extremely  intense  electric  force  and 
potential  gradient  in  the  path  of  the  direct  stroke  of  lightning 
bring?  the  value  of  the  lightning  rod  into  question.  Even  if 
the  rod  is  high  enough  to  keep  the  ionized  flame  away  from  the 
power  wires  it  must  yet  be  determined  if  the  intensity  of  electric 
field,  induced  on  the  power  wires  adjacent  to  the  lower  end  of 
this  lightning  rod,  is  not  great  enough  to  cause  a  side  flash  from 
the  rod  to  the  power  wires,  on  account  of  the  so-called  isolated 
capacitance  of  the  power  wires.  With  a  power  wire  supported 
on  an  insulator  having  a  grounded  metal  pin  it  seems  safe  to 
hazard  a  guess  that  there  will  be  a  side  flash  which  would  either 
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puncture  the  insulator  or  cause  a  flash  around  the  skirts.  The 
puncture  distance  is  of  the  order  of  one  inch  only,  and  the  flash- 
over  distance  is  of  the  order  of  one  foot  (30.4  cm.)  Furthermore, 
the  equivalent  sphere  gap  of  this  flashover  distance,  due  to  the 
effect  known  as  creepage  spark  over  the  surface  of  the  insulator, 
is  only  of  the  order  of  a  few  inches  at  best. 

When  a  wooden  cross-arm  is  used  and  when  the  power  wires 
are  highly  insulated  by  a  string  of  many  suspension  disks  the 
chances  of  side-flash  are  greatly  reduced  and  consequently  the 
lightning  rod  comes  into  the  realm  where  its  practicability  and 
use  are  worthy  of  consideration  and  debate. 

An  endeavor  is  here  made  to  enumerate  the  elemental  factors 
involved.    There  are  two  conditions  to  be  avoided: 

First,  to  keep  conducting  arc  vapors  of  the  direct  lightning 
stroke  away  from  the  power  wires. 

Second,  to  prevent  a  bolt  from  striking  midway  between  poles. 
Cases  are  known  where  such  strokes  have  melted  the  wires  in 
two,  even  where  the  line  was  yet  under  construction  and  grounded 
at  some  distance  from  the  point  of  the  lightning  stroke. 

Who  is  to  say  how  far  down  on  the  lightning  rod  the  crater 
of  the  arc  \\\\\  extend?  Taking  Dr.  C.  P.  Steinmetz'  estimate  of 
10,000  amperes  for  the  average  current  in  a  lightning  discharge, 
will  the  crater,  during  its  brief  life,  extend  below  the  point  of 
the  rod?  The  heated  gases  wall  tend  to  rise.  The  heavier  the 
wind  the  more  rapid  is  the  arc  flame  broken  up  and  cooled. 
Perhaps  some  of  the  many  photographs  of  lightning  may  throw 
some  light  on  this  problem. 

The  protection  against  direct  bolts  striking  the  wire  between 
poles  may  be  determined  roughly  by  the  following  methods: 
First,  for  a  wdre  supported  on  pin-type  insulators  on  wooden 
poles,  the  wire  may  be  assumed  roughly  to  follow  the  arc  of  a 
circle,  the  center  of  which  may  be  determined.  It  may  be  as- 
sumed that  if  the  lightning  strikes  well  into  this  imaginary 
sector  the  chances  of  its  turning  and  reaching  the  pole  are  rather 
remote.  Second,  if  a  lightning  rod  is  used  or  the  wires  are  under- 
hung by  suspension  insulators,  the  chances  of  a  lightning  stroke 
reaching  the  wire  rather  than  the  tower  or  lightning  rod  are 
very  much  lessened.  Fig.  1  is  drawn  on  the  basis  of  making  the 
distances  from  the  tip  of  the  tower  and  the  nearest  point  on  the 
wire  equal.  The  higher  the  rod  or  tower  above  the  line,  the  less 
the  chance  of  a  stroke  reaching  the  line  wire,  other  things  being 
equal.    The  expression,  **other  things  being  equal''  is  intended 
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to  take  into  account  the  fact  that  a  lightning  discharge  does  not 
necessarily  take  the  shortest  path  to  the  nearest  object,  be  it 
earth  or  an  adjacent  cloud.  The  location  of  the  electric  stress 
depends  primarily  on  the  accidental  location  of  condensation  of 
moisture  in  the  atmosphere.  Otherwise,  if  there  is  no  free  elec- 
tricity given  off  in  the  atmosphere,  the  discharge  will  take  place 
over  the  shortest  path  between  electrodes. 

While  this  method  is  admittedly  crude,  it  is  the  only  one  avail- 
able to  give  a  comparison  of  the  immunity  of  different  construc- 
tions. By  its  use  some  idea  can  be  gained  of  the  advantages  of 
lightning  rods  and  the  underhung  construction.     The  evident 

dangers  from  a  stroke  reach- 
ing the  line  is  that  of  burn- 
ing the  wire  in  two  and  letting 
it  fall  to  the  ground. 

Should  a  lightning  rod  be 
sharp    pointed?     The    early 
work  done  by  Dr.  Steinmetz 
on  corona  of  needle  points  and 
Pj^  j  later  the  work  of  Mr.  F.  W. 

If  lightning  gets  inside  the  danger  aone  Pcck  and  OthcrS  On  COrona 
shown  it  is  more  likely  to  strike  the  wire  than  ,-  .        •     j*       j.      ^i_    ^ 

the  tower.    The  curve  is  drawn  on  the  basis  of  WOUld  SCCm   tO    indicate    that 

equal  distances  between  the  insulator  and  the  .11  j  u  1. 

wire.    Direct  strokes  on  the  wire  may  fuse  it  in  the  Sharp  end  WOUld  haVC   nO 

With  a  string  of  six  disks  and  the  midpoint  particular        ValuC.        InduCCd 

of  a  500-foot  span  of  wire  30  feet  below  the  top  .        ^^  •    1            /•                                1 

of  the  tower  the  peak  of  the  sector  is  1050  feet  potentials      01     COrona     ValUC 

above  the  midpoint  of  the  span.    With  a  pin-        /. .  j       •  x    

type  insulator,  a  span  of  100  feet  and  a  sag  of  01  ten     OCCUr     dunng     StOrmS. 

2  feet,  the  peak  of  the  sector  is  650  feet  above  rr^i       c             ^  •           /• 

the  midpoint  of  the  span  of  wire.    A   6-foot  The  formation  OI  COrona  glVCS 

lightning  rod  added  to  the  latter  case  lowers  .              j*    x    1         ^1.                  '       t       a. 

the  peak  of  the  sector  to   160  feet  and  bands  immediately     the     equivalent 

inward  as  shown  in  the  above  figure.  i*       t  1       ^        ji        rjyi           i*   ir     r 

of  a  blunt  end.  The  rehef  of 
the  atmosphere  by  the  discharge  of  corona  is  apparently  too 
local  and  of  such  a  small  part  of  the  volume  of  the  electro- 
static field  of  the  atmosphere  above  the  line  to  decrease 
appreciably  the  energy  of  a  lightning  stroke. 

These  questions  are  still  in  the  speculative  field  and  must  be 
left,  as  refinements,  to  be  cleared  up  by  later  work.  The  rest  of 
the  subject  is  of  more  importance  at  present  and  a  solution  is 
more  definitely  in  sight. 

V — General  Problems  of  the  Parallel  Grounded  Wire 

There  are  several  factors  to  be  taken  into  account  in  the  pro- 
cess of  determining  the  protective  value  of  the  grounded  wire. 

1.  Strength  of  electric  field  in  the  neighborhood  of  the  line 
wires. 
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2.  The  direction  of  the  j^athering  charge  in  the  cloud,  that  is, 
the  path  of  the  discharge  relative  to  the  line,  parallel  or  perpen- 
dicular to  the  line  before  it  turns  vertically  downward  to  the 
earth. 

3.  The  screening  effect  obtained  by  the  use  of  several  wHlres, 
with  and  without  grounded  wires. 

4.  The  initial  momentary  potential  induced  on  a  wire  at  the 
instant  the  cloud  discharges  to  earth. 

0.  An  instant  after  the  lightning  discharge -has  taken  place, 
the  sudden  increase  in  capacitance  between  the  power  wire  and 
the  adjacent  parallel  grounded  wire. 

6.  The  eflfect  of  the  number  and  location  of  parallel  grounded 
wires. 

7.  The  effect  of  electromagnetic  induction  between  the  hori- 
zontal part  of  the  grounded  wire  and  the  parallel  power  wires, 
in  which  the  energy  of  the  lightning  charge  on  the  grounded 
wire  is  more  or  less  transferred  to  the  power  wire,  instead  of 
being  dissipated  in  the  earth.  High  frequencies  are  produced  in 
this  transformation. 

8.  The  gradual  transference  of  the  charge  which  travels  along 
the  power  wire  to  the  successive  sections  of  the  grounded  wnre 
and  its  dissipation  in  the  earth. 

VI — Getting  a  Reasonable  Mathematical  Cloud 

In  the  mathematical  analysis  of  the  electrostatic  phenomena 
only  the  simplest  forms, — such  as  cylinders,  spheres,  ellipses, — 
lend  themselves  to  a  practicable  solution.  The  limitless  varia- 
tions in  the  forms  of  storm  clouds  make  it  impossible  to  select  a 
form  which  might  be  considered  the  average  for  a  thunder- 
cloud. Therefore  it  is  necessary  to  turn  from  the  cloud  to  the 
local  electric  field  near  the  earth  which  is,  after  all,  the  center  of 
interest.  At  the  surface  of  the  earth  all  forms  of  clouds  give  one 
common  characteristic,  namely  a  fairly  uniform,  perpendicular 
directed  electric  force  over  a  limited  area.  It  is  assumed  at 
present  that  the  surface  of  the  earth  is  smooth.  In  making  the 
mathematical  analysis  we  are,  therefore,  privileged  to  choose 
any  form  of  cloud  that  gives  this  uniformity  of  field  near  the 
earth.  Since  we  are  to  study  first  the  electrostatic  induction  on 
overhead  wires  it  is  natural  to  choose,  as  a  matter  of  simplifica- 
tion, a  cylindrical  cloud  parallel  to  the  line.  In  the  early  study, 
lengths  of  w4re  only  one  centimeter  long  will  be  dealt  with  and 


> 


1916] 


CREIGHTON:  PROTECTIVE  DEVICES 


853 


therefore    over   many  centimeters  any  sort  of  a  cloud  can  be 
considered  cylindrical. 

In  any  cylindrical  conductor  from  which  a  charge  of  elec- 
tricity emanates  there  is  a  central  point  where  all  the  lines  of  force 
would  meet  if  they  were  extended  everywhere  through  the  sur- 
face of  the  cylinder.  Mathematically  this  point  is  well-known  as 
the  inverse  point  of  a  circle.  Electrically  it  is  better  described 
as  the  apex  of  charge.  The  apex  of  charge  is  that  point  which, 
if  all  the  charge  were  concentrated  there,  would  give  the  same 
effect  as  it  does  distributed  over  the  surface. 

It  is  recognized  that  a  cloud  is  not  a  good  conductor  but  due 

to  its  mobility  to  the  movement 
of  electricity  by  brush  discharge, 
it  is  assumed  that  the  cloud  will  act 
like  a  cylinder  of  equal  dimensions. 
Since  this  does  not  affect  the  distri- 
bution of  field  near  the  surface  of  the 
earth  it  seems  a  permissible  assiunp- 
tion  to  make  and  is  a  great  conven- 
ience in  making  calculations.  (Fig.  2) 
The  apex  of  charge  of  the  cloud  will 
,    ,.^?^'  ?  be  found  and    calculations    will    be 

Cloud  of  cyhndncal  cross-section,  . 

its  electric  field,  iu  image,  and  a   made  assuming  that   the   chargc  of 

line  wire  in  the  field.  ,11- 

the  cloud  is  concentrated  along  this 
apex  of  charge  as  if  it  were  a  conducting  wire  parallel  to  the 
line  wires. 


SurfMC  of  CkMMl 
■  Aot»  of  Charge 


\    *    ^       »    *     f 


• '    . .  •  1  / 


V-  Image  of  Ooud 


VII — Choice  of  the  Height  of  a  Cloud 

In  absolute  measure,  the  first  effect  of  an  increase  in  the  height 
of  a  cloud  would  tend  to  decrease  the  electric  force,  and  conse- 
quently electric  induction,  on  overhead  wires.  An  increase  in 
the  total  charge  on  the  cloud  increases  the  quantity  induced  on 
the  line  wires.  All  we  can  say  at  present  is  that  actual  clouds 
will  cause  more  or  less  severe  induction  on  the  overhead  wires 
and  let  it  rest  at  that.  The  object  we  have  in  view  is  to  choose  a 
height  and  dimensions  of  a  cloud  such  as  to  give  a  uniform 
field  in  the  neighborhood  of  the  power  wires.  If  the  apex  of 
the  cloud  is  a  few  times  as  high  as  the  line  wires,  it  is  found 
sufficient.  A  height  of  55,000  cm.  is  chosen,  however,  for  the 
position  of  the  apex  of  the  charge  of  the  cloud.  This  value 
will  be  retained  as  a  standard  of  reference  for  all  future 
calculations. 
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VIII — Choice  of  a  Given  Charge  on  a  Cloud  for  Use  in 
Making  Comparative  Calculations  of  Protection 
Which  May  Be  Expeced  from  Parallel 
Grounded  Wires — and  Other  Data 

A  reasonable  cloud  charge  is  chosen  arbitrarily  as  one  which 
will  induce  a  charge  on  a  single  overhead  wire  of  corona  intensity. 
It  is  found  that  such  a  cloud  charge  with  its  apex  at  55,000  cm. 
height  can  be  made  to  give  very  mild  intensities  of  charge  or 
potential  gradients  in  the  cloud  itself,  and  such  a  cloud  seems 
satisfactory  enough  as  a  basis  of  comparing  induced  charges  on 
line  wires. 

All  calculations  are  made  in  the  absolute  system  of  units. 
Anomalously,  the  practical  system  is  impracticable. 

An  overhead  wire  of  a  usual  radius  of  0.5  cm.  (about  3/8  in. 
in  diameter,  approximately  No.  000  B.  &  S.)  will  have  a  critical 
corona  gradient  of  potential  at  its  surface  when  the  charge  is 
about  25  statcoulombs  per  centimeter  length  of  wire  (0.001342 
coulomb  per  mile.*)  Placing  this  wire  at  a  height  of  1000  cm. 
above  the  surface  of  the  earth  calls  for  a  charge  of  5700  stat- 
coulombs per  centimeter  length  of  the  assumed  cylindrical  cloud, 
to  bring  the  grounded  wire  to  the  condition  of  corona.  In  all 
future  calculations   this  constant  cloud  charge  will  be  used. 

One  other  assumed' dimension  is  made,  namely  10,000  cm. 
from  the  apex  of  charge  in  the  cloud  to  the  lower  surface  of  the 
cloud.  The  assumed  and  calculated  factors  are  given  in  the 
following  list : 

Apex  of  charge  of  the  cloud,  55,000  cm.  (1804  ft.)  above  earth. 

Radial  distance  apex  to  surfaces,  10,000  cm.  (328  ft.) 

Height  of  wire  used  as  standard  of  comparison,  1000  cm.  above  the  sur- 
face of  the  earth  (33  ft.) 

Quantity  of  electricity  induced  on  this  line  wire,  25  statcoulombs  per 
centimeter  length  of  wire  (0.001342  coulomb  per  mile). 

Quantity  of  electricity  in  the  cloud,  57(K)  statcoulombs  per  centimeter 
length  of  the  cylindrical  cloud  (0.306  coulomb  per  mile). 

Potential  at  the  surface  of  the  cloud,  26,224  statvolts  (7,867,200  volts). 

Potential  gradient  at  the  lower  surface  of  the  cloud,  1.254  statvolts 
per  centimeter  of  vertical  distance  (370.2  volts  per  centimeter).  The 
gradient  to  produce  corona  is  nearly  100  times  as  great,  i.  e.  30,000  volts 
per  centimeter.  Expressed  in  inches  and  feet,  the  potential  gradient  is 
956  volts  per  inch  and  11,472  volts  per  ft. 

The  field  intensity  at  the  surface  of  the  earth  is  0.4147  dyne,  and  cor- 
respondingly the  potential  gradient  is  0.4147  statvolts  per  centimeter. 
(124.4  volts  per  centimeter  =  3800  volts  per  ft.) 
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Dielectric  displacement  at  the  surface  of  the  cloud  is  0.1  statcoulomb 
per  square  centimeter  of  cross-section  of  the  field. 

Dielectric  displacement  at  the  surface  of  the  earth  directly  under  the 
cloud  is  0.033  statcoulomb  per  square  centimeter  of  earth  surface. 

Note:  The  undisturbed  field  intensity,  potential  gradient,  and 
dielectric  displacement  at  a  height  above  the  surface  of  the 
earth  corresponding  to  line  wire  heights  are  sensibly  the  same 
as  the  values  given  above  for  the  surface  of  the  earth.  There- 
fore, over  the  range  of  height  corresponding  to  the  usual  height  of 
a  line  wire  the  potential  may  be  obtained,  theroetically,  by 
calculating  the  product  of  the  height  and  potential  gradient 
(V  =  centimeter  height  X  0.4147).  The  general  relations  are 
shown  in  Fig.  2.  The  calculations  are  made  by  equations  (!) 
and  (2)  in  the  mathematical  section. 

IX — The  Induced  Charge  on  a  Single  Wire  at  Various 
Heights  from  the  Earth 
The  value  of  induced  charge,  initally  at  zero  potential,  is 
the  second  step  in  the  determination  of  the  voltage  on  the  line 
which  will  suddenly  appear  when 
the  cloud  discharges  to  earth  and 
sets  free  the  bound  charge  on  the 
line.    We  have  just   noted  in  the 
previous   paragraph    that   the   in- 
ducing  potential    is    proportional 
to  the   height    above    the    earth. 
The  induced  quantity  at  increasing 
heights  does  not,  however,  follow 
in    direct    proportion   due  to  the 

"" change  in  capacitance  of  the  wire. 

Above  a  height  of  1000  cm.  (33  ft.)  the  increase  in  the  quantity  of 
electricity  induced  is  almost  a  linear  relation  to  the  height  of  the 
line.  This  law  holds  up  to  and  somewhat  beyond  4000  cm.  At 
less  heights  than  100  cm.  the  charge  falls  off  more  rapidly  on  a 
slightly  curved  line.  The  actual  values  are  given  in  Table  I,  3d 
column.    These  quantities  are  obtained  byasolution  of  equation. 


Figs.  3  and  4 
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At  1000  cm.  high,  we  have  assumed  a  charge  of  25  "Statcoulombs 
per  centimeter  length  of  the  wire.  At  2000  cm.  high  the  induc- 
tion would  be  46.4  statcoulombs  per  centimeter  length  of  wire, 
using  the  same  inducing  charge  in  the  storm  cloud.  At  4000  cm. 
high,  the  wire  would  have  induced  on  it  85.7  statcoulombs  per 
centimeter  length  of  it.  Fourteen  different  heights  are  given  in 
Table  I,  which  also  gives  the  quantity  on  the  wire  as  a  fraction 
of  the  total  charge  in  the  cloud.  For  example,  at  1000  cm., 
the  charge  on  the  wire  is  0.00439  part  of  the  charge  in  the  cloud. 

There  is  given  also  in  the  table  the  total  width  of  electric 
field  that  is  gathered  in  by  the  wire.  For  example,  the  wire  at 
1000  cm.  (33  ft.)  gathers  in  the  field  from  each  side  for  a  distance 
of  379  cm.  (12.4  ft.),  making  a  total  width  of  758  cm.  (24.9ft.). 
This  electric  field  would  normally  go  straight  to  the  earth  but 
due  to  the  presence  of  the  grounded  wire  is  drawn  toward  the 
wire  and  a  large  part  of  it  passes  through  the  horizontal  plane 
of  the  wire  and  is  looped  back  up  as  is  shown  in  Fig.  4. 

At  a  height  of  2000  cm.  (65.6  ft.)  the  overhead  grounded  wire 
draws  a  field  in  from  each  side  from  a  distance  of  704  cm.  (23.1  ft.). 

A  more  satisfactory  analysis  of  what  takes  place  when  a 
grounded  wire  is  raised  to  different  heights  above  the  earth  is 
shown  in  the  two  sketches.  Figs.  3  and  4,  which  depict  values 
taken  from  the  table. 

If  a  bare  wire  is  lying  on  the  ground  (Fig.  3),  it  will  take  an 
electric  charge  which  is  proportional  to  about  half  its  super- 
ficial area.  The  earth  itself  has  a  charge  of  0.033  statcoulomb  per 
square  centimeter  due  to  the  charge  of  the  cloud.  Therefore, 
the  charge  on  the  wire  lying  on  the  ground  will  be  of  this  order. 
When  the  wire  is  raised  off  the  surface  of  the  earth,  as  is  shown 
in  Fig.  4,  a  few  of  the  lines  near  the  wire  which  before  found  an 
easier  path  to  the  earth,  now  find  a  shorter  path  by  bending 
around  to  the  wire.  The  lines  of  force  just  beyond  this  width 
find  a  more  desirable  path  to  the  ground  than  to  the  wire  but 
due  to  the  removal  of  part  of  the  electric  field  directly  under- 
neath the  wire  these  lines  are  bent  under  the  wire  in  their  path 
to  earth. 

The  width  of  field  drawn  into  the  wire  is  obtained  by  divid- 
ing the  charge  emanating  from  the  wire  by  the  number  of  stat- 
coulombs of  displacement  per  square  centimeter,  due  to  the 
cloud. 

Table  I  gives  the  heights  of  wire,  fraction  of  the  cloud  charge 
which  ends  on  the  wire,  quantity  statcoulombs  per  centimeter 


1916] 


CREIGHTON:  PROTECTIVE  DEVICES 


857 


length  of  wire,  percentage  of  same  referred  to  a  wire  at  1000  cm. 
height,  the  width  of  the  field  drawn  into  the  wire  at  the  height 
given,  atmospheric  quantity  is  0.033  statcoulombs  per  centimeter 
and  the  potential  gradient  is  0.4147  statvolt  per  centimeter. 


TABLE  I, 


1 

Stat- 

Per   cent   of 

Width 

Height 

Part  of 

co  lombs 

quantity 

of 

Atmospheric 

of  wire 

Uoud 

quantity 

at 

field 

potential  at  height 

dta. 

charge 

per  cm. 

height  of 

picked 

given 

1  cm. 

on  wire 

length 

wire  of 

up  by 

of  wire 

1000  cm. 

wire,  cm. 

Statvolts 

1 
Kilovolts 

100  cm. 

0.000633 

3.610 

14.4 

119.5 

41.47 

12.44 

200  cm. 

0.001085 

6.180 

24.7 

187.5 

82.94 

24.882 

400  cm. 

0.00196 

11.164 

44.6 

338.8 

165.88 

49.764 

800  cm. 

0.00360 

20.535 

82.1 

623.0 

331.76 

99.528 

1000  cm. 

0.00438 

25.000 

100. 

758 

414.7 

124.4 

1100  cm. 

0.00476 

27.170 

108.7 

824 

456.17 

136.85 

1200  cm. 

0.00514 

29.277 

117.1 

888. 

497.64 

149.29 

1600  cm. 

0.00663 

37.821 

151.3 

1148 

663.52 

199.056 

2000  cm. 

0.00815 

46.422 

185.7 

1410 

829.4 

248.82 

2400  cm. 

0.00950 

54.169 

216.7 

1642 

995.28 

298.58 

2800  cm. 

0.01090 

62.200 

248.8 

1887 

1101.16 

348.348 

3200  cm. 

0.01235 

70.516 

282.1 

2140 

1327.04 

398.112 

3600  cm. 

0.01370 

78.092 

312.4 

2370 

1492.92 

447.876 

4000  cm. 

0.01502 

85.668 

342.7 

2600 

1658.8 

497.64 

X — The  Induced  Charge  on  a  Single  Overhead  Wire  as 

Affected  by  Its  Size 

As  a  convenient  size  for  reference  a  diameter  of  one  cm.  for 
the  overhead  wire  has  been  chosen  and  on  this  is  induced  25 
statcoulombs  per  centimeter  length  of  wire  (0.001342  coulomb 
per  mile). 

The  first  step  will  be  to  reduce  the  size  of  wire.  As  a  rough 
approximation,  take  one  strand  of  a  seven-stranded  cable  and 
let  us  assume  an  equivalent  diameter  of  one-third  which  is  a 
radius  of  1/6  cm.  This  wire  will  have  induced  on  it  by  the  storm 
cloud  22.1  statcoulombs  which  is  88  per  cent  of  the  quantity 
induced  on  the  wire  of  one  cm.  diameter.  The  reduction  then 
in  the  weight  of  the  wire  approximately  to  1/7  has  reduced  the 
quantity  of  electricity  drawn  in  by  the  overhead  grounded  wire 
by  only  12  per  cent.  This  is  a  good  illustration  of  the  slight 
effect  that  the  size  of  the  overhead  wire  has  in  gathering  in  the 
electric  field.  The  same  statement  is  true  for  sizes  of  wire  larger 
than  the  one  of  diameter  of  one  cm.    If  the  weight  of  the  wire  is 
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increased  four  times,  that  is  to  say,  with  an  increase  in  the  di- 
ameter from  one  cm.  to  two  cm.  the  quantity  of  electricity  ter- 
minating on  the  wire  increases  only  10  per  cent.  If  the  weight 
of  the  wire  is  increased  sixteen  times,  which  corresponds  to  an 
increase  in  the  diameter  from  one  cm.  to  4  cm.,  the  quantity 
of  electricity  terminating  on  this  wire  from  the  same  storm 
cloud  will  be  only  20  per  cent  greater  if  the  weight  of  the  wire 
is  increased  64  times,  which  corresponds  to  an  increase  in  the 
diameter  from  one  cm.  to  eight  cm.,  the  quantity  of  electricity 
terminating  on  this  wire  will  be  only  33.6  per  cent  greater. 

We  may  conclude  from  these  data  that  calculations  of  electro- 
static induction  made  for  a  wire  of  0.5  cm.  radius  will  give  approx- 
imations for  all  other  wires  of  usual  practise. 

INDUCING    A    CHARGE    ON    AN    OVERHEAD     WIRE     WHICH     IS     NOT 

GROUNDED 

From  experiences  in  the  laborator>'  in  electrostatic  induction 
such  as  the  electrophorus,  where  it  is  necessary  to  ground  the 
metal  plate  while  it  is  near  the  charged  wax  plate  in  order  to 
get  it  to  take  a  charge,  it  is  sometimes  erroneously  assumed  that 
it  is  necessar>'  to  have  an  overhead  wire  grounded  somewhere 
in  order  likewise  to  get  it  to  take  a  charge  from  cloud  induction. 
Contrary  to  this  assumption,  it  may  be  stated  that,  in  general, 
a  system  with  a  non-grounded  neutral  and  absolutely  no  leakage 
over  the  insulators  charges  up  with  about  the  same  quantity 
under  the  storm  cloud  as  a  system  with  a  grounded  neutral. 
The  exceptional  case  is  the  short  length  of  circuit. 

Laboratory  experience  may  give  inadequate  conceptions  of 
the  conditions  outdoors  and  the  local  characteristic  of  a  cloud 
lightning.  It  is  not  a  question  of  how  many  square  miles  the 
storm  cloud  covers  but  only  what  extent  of  electrostatic  field 
between  cloud  and  earth  is  relieved  by  the  lightning  stroke. 
We  are  accustomed  to  seeing  the  visible  part  of  the  streak  a  mile 
or  so  long  only.  If  the  streak  in  the  cloud  is  parallel  to  the 
transmission  line,  relief  over  a  corresponding  length  is  given  to 
the  charge  induced  on  the  line  wires.  But  the  transmission 
wires  extend  miles  beyond  this  influence  and  it  is  the  capacitance 
of  wire  to  ground  in  the  extended  lengths  not  directly  under  the 
influence  of  the  storm  cloud  which  allows  a  non-grounded  wire 
to  take  an  induced  charge. 

Fig.  5  shows  a  short  length  of  wire  not  extending  beyond  the 
field  of  the  cloud.     The  ^vire  takes  the  potential  of  the  air  at 
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the  same  height.  The  corresponding  d-c.  stress  is  thrown  on  the 
insulation  of  the  apparatus  until  the  lightning  stroke  takes  place. 
After  the  lightning  stroke  there  is  no  charge  on  the  line,  and  the 
potential  of  the  line  wire  returns  to  normal  without  the  presence 
jof  the  usual  traveling  waves.  For  the  traveling  wave  there  has 
been  substituted  a  d-c.  stress  over  a  period  of  time  depending  on 
the  rapidity  of  formation  of  the  storm  cloud.  Leakage  over  the 
insulators  will  enter,  of  course,  to  give  the  line  more  or  less  of  a 
charge.  There  will  be  a  momentary  oscillation  between  line 
and  apparatus. 

Now  turning  to  the  more  usual  condition  of  a  non-grounded 
circuit,  Fig.  6  shows  how  the  cloud  induces  a  charge  under  it 
without  leakage  to  ground.  The  large  part  of  the  line  not  under 
the  cloud  acts  as  a  condenser  of  large  capacitance  which  absorbs 


Fig.  5 

Illustration  of  a  short  line  under  a 
long     cloud.     This     line     can     become 
charged  by  leakage  to  ground  only. 
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Fig.  6 


Illustration  of  a  long  line  under  a 
short  cloud.  This  line  can  become 
charged  without  any  leakage  of  current 
to  ground,  that  is  to  say.  without  any 
grounding. 


The  relations  be- 
tween induced  quan- 
tity and  potential  on 
a  non-grounded  line 
wire.  [000  B.  &  S. 
wire,  1000  cm.  (33  ft.) 
high  and  a  field  of 
0.414  statvolt  per  cm. 
(potential  gradient.)] 


the  relatively  small  quantity  induced  by  the  cloud  without 
causing  much  rise  in  line  potential.  [V  =  Q  -^  C]  The  relations 
between  the  induced  quantity  and  potential  on  the  line  wire  are 
somewhat  unusual.  When  the  quantity  is  zero  the  induced 
potential  (by  the  assumed  cloud)  is  414.7  statvolts.  On  the 
other  hand,  when  the  potential  is  zero,  that  is  to  say,  the  wire 
is  grounded,  the  quantity  is  25  statcoulombs.  The  intermediate 
conditions  are  shown  by  the  straight  line  in  Fig.  7. 

V  +  I6.6q  =  414.7 

For  different  relative  lengths  of  line  under  and  not  under  the 
cloud  the  following  conditions  hold:  If  there  is  one  mile  under 
the  cloud  and  nine  miles  of  line  not  under,  the  potential  of  the 


MH  i'RF.iaflTON;   FROTKCTIVE  DEVICES  [June  29 

v,iiv  will  t>r  41,47  slatvolta,  11  -;-  (9  +  1)|4I4,7.  The  quantity 
wUl  Ihw  W  !>,!)  X  25  =  22,5  statcouJoinbs. 

l(.  tikjain.  the  relative  lengths  are  two  miles  and  98  miles,  the 
ttultik'ctt  I'olfiniiil  win  be  2  per  cent  of  414.7  =  8.3  statvolts  and 
lt)o(lit<iK-i'ii  (|iiantity  will  be  98  per  rent  of  23=  24.5  statcouiombs. 

Ni'W,  when  ihc  cloud  tlischarjje  takes  place  there  are  two 
tf.ivftiiiK  Wiivcs,  namely,  the  wave  due  to  the  concentrated 
s'limt:"'  iiiidt-r  the  cloud,  and  the  wave  due  to  the  distributed 
s'tiiii'iio  lhrnuj:h(jut  the  rest  of  line  and  coils  of  the  apparatus. 
lluv»»i  tt'iivcs  move  in  opposite  directions  and,  since  they  are 
\\\  |i|i|iiisili'  si^'ns  of  electricity,  as  the  concentrated  wave  passes 
lluuuiili  Ihc  distributed  wave  it  will  lose  its  potential  in  propor- 
\^^\\\  111  llic  'iinccllalion  of  quantity. 

1 1  NliiinJd  be  noted  that  the  distribmcd  charge  has  a  quantity 
ImimIi'iI  ilnwn  in  the  eoil^i  of  jjencrators  and  triinsfomiers  depend-. 


jirr 


■.  tin  the  local  capacitance  of  the  coils  to  the  earth.  After 
•  rUjud  discharj,'o,  this  lightning  is  inside  the  apparatus  and 
ist  i;ct  out.  In  so  doinj.;  it  mu^t  bumj)  into  the  inductance 
i-Mc')i  ;nli;Lccnt  cnij  and  lii.'  reflected  more  or  less.  Incidentally, 
■-  is  :i  ^niwvv  (if  liiKli-frequcniy  oscillations.  An  atlcmpt  is 
idc  In  ni.reseni  iliese  .nndilion'^  in  I'if;.  8. 
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or  inductance,  so  that  its  potential  may  be  considered  zero  dur- 
ing the  period  of  electrostatic  induction. 

At  1000  cm.  up  from  the  surface  of  the  earth,  the  chosen 
cloud  produces  414.7  statvolts  (124,410  volts).  A  grounded 
No.  000  wire  (one  cm.  diameter)  at  this  height  will  take  a  charge 
of  25  statcoulombs  by  electrostatic  induction.  When  the  cloud 
discharges,  the  field  which  extends  between  wire  and  cloud  will 
suddenly  flop  over  (with  more  or  less  oscillation  according  to 
the  nature  of  the  lightning  bolt)  and  appear  as  a  field  between 
wire  and  ground.  The  bound  charge  has  been  shown  already  in 
Fig.  4.    The  freed  charge  is  shown  in  Fig.  9. 

The  potential  will  be  given  by  the  equation  V  =  Q  -^  C  where 
Q  is  the  quantity  per  unit  length  and  C  is  the  corresponding 
capacitance  between  wire  and  ground  per  unit  length. 

The  object  of  this  paragraph  is  to  point  out  that  to  obtain 
the  final  potential  rise  of  the  wire  it  is  unnecessary  to  calculate 
either  the  induced  quantity  or  the  capacitance  of  the  wire. 
The  potential  of  the  wire  immediately  after  the  cloud  discharge 
is  the  same  as  existed  at  this  height  with  no  wire  present,  namely 
414.7  statvolts  (124,410  volts). 

This  is  a  fundamental  law  and  applies  equally  well  to  any 
number  of  overhead  wires.  It  will  be  shown  later  that  the 
addition  of  every  wire  on  a  pole  reduces  the  quantity  of  elec- 
tricity induced  on  each  wire  but  it  does  not  reduce  the  instanta- 
neous potential  of  the  freed  charge.  If  a  second  wire  is  placed 
at  a  height  of  1100  cm.  (100  cm.  above  the  first  wire)  the  instan- 
taneous potential  after  the  lightning  discharge  is  found  by 
multiplying  the  undisturbed  potential  gradient  in  the  atmos- 
phere by  the  height  of  the  wire;  thus,  1100  cm.  X  0.4146  stat- 
volts per  centimeter  gives  456  statvolts  (136,800  volts).  The 
first  wire  again  assumes  a  potential  of  414.7  statvolts. 

SCREENING  OF  ENERGY  INDUCED  BY  THE   USE  OF   SEVERAL 

PARALLEL  WIRES  ON  THE  SAME  POLE 

It  has  just  been  stated  in  a  fundamental  law  that  the  presence 
of  several  wires  does  not  decrease  the  instantaneous  potential  at 
cloud  discharge  although  there  is  a  decrease  in  quantity  per 
wire  due  to  the  presence  of  several  wires.  (Nothing  is  being  said 
at  present  of  grounded  wires.)  The  several  wires  produce  a 
screening  of  quantity  without  a  useful  efTect  on  the  resultant 
instantaneously  induced  potential.  There  is,  however,  a  useful 
screening  effect  of  energy  in  the  surge. 


f^e  «ajar*vfe.  wish  ooc  •tt*  akrac  \ht  ad^irrg-j  q^;i=.':rry  is  2S 

}f.A«iU&J  ry  liini4efmr**^^is4147  KATWT^  ai>a  the  a^iiata- 

f^tesujf  4  fceo-Tifl  win;  <>*:«■  «(niediaiTie-«-a:ad  a:  tbc  same  bei^t 
*/Bt  D^jSKcd  100  ceeiimifMTS  redaces  tm  qcaaritx  r<3  liie  £i« 
win  from  25  tiJf,CK^ftR\»  Ut  \*>M  su^focloisle  per  irestziaetcr. 
Tbt  MMTzy  IS  ihewby  j«"*^>c«4  lo  2  wfrcspoiximf  uDoont 
'73.4  ;>«•(.«■]:  .  that  i*.  to  ?Sii5  aaty-oJes  i«t  «Ktin»rter.    Tlierc 
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The  fjuutltt;   ka4  voktsT  iir^  e<ya&lly  dn"i<ie*i  betwepi:  ibe  liro 
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For  No.  000  wires  in  a  vertical  plane,  100  cm.  spacing,  the 
quantities  induced  are  given  in  the  following  list.  The  central 
wire  is  always  numbered  1,  and  the  even  numbers  are  assigned 
to  the  right  and  symmetrically  placed  wires  to  the  left  are 
assigned  the  next  odd  number,  thus,  (3)  (1)  (2) .  . . 

Wire  one  only  ^i  =  25  statcoulombs  per  centimeter  length  of 
wire.    Two  wires  ^i  =  52  =  18.36. 

The  last  diagram  with  four  wires  grouped  around  one  w4re 
shows  an  average  reduction  in  quantity  from  25  to  10.8  stat- 
coulombs per  centimeter  which  gives  a  reduction  in  surge  energy 
to  43  per  cent  average  per  wire,  other  lightning  conditions  be- 
ing equal.  The  equations  for  this  group  are  (14),  (16),  (16)  and 
(17)  in  the  mathematical  section. 

(D  llOOcm.,  q2-20.9 
Height 
(D  1000cm.  ®  lOOOcm.,  q,"17.8      (l)  1000cm.,  qj«19.4 
q,«25  Total-38.2 

A  v.- 19.1      @    900  cm.,  qg^lS.S 


@  1100 cm.,  q2-18.8  @  1100cm. 

14. 41  statcoulombs 
®  1000cm,    qi-13.6  (§)      (D       ® 

11.45  8.45  11.45 
(D    900cm..    q8-12.6  (§)    900cm. 

Total  45.  8.4 


Total  35.2 
Av.  17.6 


Av.  15. 


Fig.  11 


Induced  charges  on  line  wires  by  a  constant  electric  field.  The  five  groups  are  to  be  con- 
■idered  separately.  Sire  of  wire  No.  000.  spacing  100  cm.  Quantities  induced  at  the 
fitven  heights  as  given  above.  All  quantities  are  given  in  statcoulombs  per  cm.  length  of 
wire. 

USE    OF    A    PARALLEL     GROUNDED     WIRE.       SCREENING     AND     IN- 
CREASE  OF   CAPACITANCE   OF    LINE    WIRES 

The  grounded  wire  produces  no  more  screening  effect  than  a 
power  wire  in  its  place.  Also  it  may  not,  at  the  first  instant  of 
cloud  discharge,  reduce  the  potential  induced  on  a  power  wire, 
except  at  the  pole  where  the  vertical  riser  from  ground  is  con- 
nected to  the  parallel  ground  wire.  If  the  lightning  stroke  were 
absolutely  instantaneous,  or  if  the  distance  from  the  induced 
charge  to  the  grounding  pole  were  great  the  parallel  grounded  wire 
would  rise  to  the  potential  it  would  have  if  it  were  not  grounded. 
Since  the  lightning  bolt  requires  time  to  form,  some  of  the  quan- 
tity set  free  on  the  parallel  grounded  wire  will  have  time  to  pass 
down  the  vertical  connection  to  ground  and  immediately  be- 
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comes  the  seat  of  a  charge  induced  by  the  charge  on  an  adjacent 
parallel  power  wire. 

The  three  stages  are  shown  in  Fig.  12. 

The  grounded  wire  increases  the  capacitance  of  the  power 
wire  and  thereby  reduces  its  potential  without  in  any  way  re- 
ducing its  charge.  The  capacitance  to  earth  of  the  one  wire 
alone  at  1000  cm.  height  is  0.0603  statfarad  per  centimeter 
(10.78  millimicrofarads  per  mile).  The  capacitance  of  the  same 
wire  to  the  combined  surface  of  the  earth  and  the  parallel 
grounded  wire,  100  cm.  separation,  is  0.0693  statfarad  per  centi- 
meter. Therefore,  the  reduction  in  potential  due  to  increase  of 
capacitance  alone  should  be  to  87  per  cent.  The  quantity,  by 
screening,  was  reduced  from  25  to  18.3  stat coulombs  (73.4  per 
cent) .  The  total  reduction  in  potential  will  be  the  product  87 
per  cent  X  73.4  per  cent  =  63.8  per  cent.  Subtracting  this  from 
100  per  cent  gives  36.2  per 
cent,  a  factor  which  may  be 
called  the  protection  afforded 
by  the  ground  wire.     In  other  j2«  »» 

words,  it  means  that  with  a  ^^^*  ^^  ,   ^ 

-    Showing  three  stages  of  charge  on  one 

given     cloud     and     no     parallel     power  wire  and  one  parallel  grounded  wire 

11-  •    t      r     >*^*  right  one).     12-a  is  the  condition  of 

grounded  wire  the  potential  of     induction    before    the   cloud   discharges    to 

.  1  J       •  •  earth  (not  to  the  line),  12-b  is  the  condition 

a    power    wire    would     rise     in-     at  the  instant  the  cloud  is  discharged.     12-c. 

is    the    condition    as    soon    as   the    charse 

StantaneOUSly     to     414.7     stat-     on   the  grounded   wire  can  pass  to  earth. 

,  "^  .  The   ground   wire   then   takes  an   induced 

volts  but  With  the  ground  wire     charge  from   the  power  wire  and   thereby 

If         increases  the  latter's  capacitance. 

m  place  the  same  cloud   dis- 
charge will  cause   a   rise   of   only   264.7   statvolts.     This  is  a 
voltage  ratio  of  63.8  per  cent,  or  a  protection  of  36.2  per  cent  of 
the  potential  which  would  have  existed  without  the  guard  wire. 

PROTECTION    AFFORDED    BY      ONE     PARALLEL     GROUNDED      WIRE 

In  the  previous  work  two  steps  were  taken  in  the  calculations 
simply  to  show  the  two  theoretical  factors  involved,  namely 
screening  and  increased  capacitance.  By  treating  the  equations 
symbolically  most  of  the  factors  cancel  out  in  the  two  steps, 
leaving  a  very  simple  formula  which  gives  the  protection  in  one 
calculation. 

Taking  first  the  case  of  two  wires  in  a  horizontal  plane,  one 
a  grounded  wire,  the 

Potential  protected  a  —  b 


Potential  unprotected  a 
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u  Am         /   2  X  height  of  gr.  wire  \ 

where  a  =  4.6  logio  (  — t- :r T"! — - — ) 

\  radius  of  grounded  wire  / 

b  =  4.6  log..  /v^(2  height)*  +  (spadng)^\ 

V  spacing  / 


and  the  protection  =  — 


The  symbolic  solution  is  shown  in  equations  (18)  to  (27)  inclusive. 

The  equation  shows  that  the  protection  decreases  as  the 
distance  between  the  wires  in  the  horizontal  plane  increases  in 
accordance  with  the  logarithm  of  a  ratio.  For  a  No.  000  wire 
one  cm.  in  diameter  and  1000  cm.  (33  ft.)  high,  the  factor  a  = 
16.6.  Various  values  of  b  are  given  as  follows:  For  50  cm. 
(19.7  in.)  spacing  from  the  grounded  wire  the  factor  b  =  7.38 
and  the  protection  is  44.5  per  cent.  For  100  cm.  (39.4  in.) 
spacing,  ft  =  6,  and  the  protection  is  36.3  per  cent.  For  200 
cm.  (78.7  in.)  spacing,  b  =  4.6  and  the  protection  has  fallen  to 
27.7  per  cent.  At  500  cm.  (197  in.)  spacing,  half  the  height, 
b  =  2.83  and  the  protection  is  17  per  cent.  Lastly  at  a  spacing 
equal  to  the  height,  viz.  1000  cm.  (33  ft.),  6  =  1.61  and  the  pro- 
tection is  9.7  per  cent. 

The  protection  is  entirely  independent  of  the  size  of  the  power 
wire.  This  is  due  to  the  fact  that  as  the  power  wire  is  increased 
in  size  it  has  induced  on  it  a  greater  quantity,  but  this  is  com- 
pensated by  an  equally  greater  capacitance  to  the  earth  and 
grounded  wire.  This  is  proven  mathematically  in  the  symbolical 
equations  (18)  to  (28). 

There  is  another  simple  relation.  So  long  as  there  is  but  one 
grounded  wire,  the  equation  just  given  applies  individually  to 
any  number  of  wires  in  a  horizontal  plane.  Each  calculation 
is  made  quite  independently.  The  equation  does  not  apply  for 
two  or  more  parallel  grounded  wires. 

PROTECTION    OF     WIRES     STRUNG      IN      A      VERTICAL      PLANE 

The  ratio  of  potentials  (protected  to  unprotected)  depends 
on  the  relative  height  of  the  grounded  wire  and  power  wire. 
For  example,  if  the  power  wire  (No.  2)  is  himg  100  cm.  (39.4 
in.)  under  the  grounded  wire,  then  due  to  the  height  alone  the 
ratio  of  potentials  will  be  decreased  by  the  ratio  of  heights. 
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900  cm.  -^  1000  cm.  =  0.9.     The  factor  previously  designated 
by  the  symbol  b  w-ill  also  change  somewhat.     Thus, 


((2  X  height  of  grounded  wire)  —  spacing\ 
spacing 


=  4.(i  iog,„  (  -^^^ _- — \„om„» '' } 


This  equation  for  b'  applies  when  the  grounded  wire  is  above 
the  power  wire.  If  the  contrary  condition  is  true,  then  the 
"spacinj;"  given  in  the  numerator  is  to  be  added  instead  of 
subtracted.     ']'he  potential  ratio  for  vertically  situated  wires  is: 

R,tio  -  /°^""'°"'"',  -  '-^  ii  (28.) 

Pot.  unprotected  n        «i 

Where  ki  is  the  height  of  the  grounded  wire  and  Aj  the  height 
of  any  power  wire  strung  in  the  vertical  plane  beneath. 

Examples:     Parallel  grounded  wire  No,  fl()0  (1  cm.  diameter) 
at  a  height  of  1000  cm.  (;J3ft,).      Power  wire,  of  any  diameter,   . 
at  900  cm.  directly  undt-rneath.  | 

b'  =  5-8<l  and  the  ratio  I 


Pot-  protected     ^  IG.B  -  5-89  900 
Pol,  unprotected  ~         Hi.ti        1000 


■  589; 


With  the  power  wire  100  cm.  above  the  grounded  wire, 
b'  =  (i.OS.')  and  the  ralio 

Pot,  protected     ^  ll>.0_-  (>.08-'>  1100  ^        _^.. 
I'm.  unprotected  Ki.ii  100(1        '■'   ' 

!i!NcIiani;inK  po.sitiuns  nf  iho  i>owei-  wiro  [iiid  ;:rounde(i 
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For  a  second  power  wire  hung  200  cm.  (78.7  in.)  under 
the  first  power  wire,  ft'  =  4.6,  and  the  ratio 

Pot,  protected     ^  18-4.6  1800  ^         ^ 
Pot.  unprotected  18       2200  "^^ 

For  the  third  phase  wire  hung  200  cm.  (78.7  in.)  below  the 
second  wire,  6'  =  3.69  and  the  ratio 

Pot,  protected     ^  18-  3.69  1600  ^  ^    ^ 
Pot.  unprotected  18        2200  ^^ 

Subtracting  each  of  the  above  ratios  from  100%  gives  the 
degree  of  protection. 

Attention  is  drawn  to  the  greater  protection  given  to  the  lower 
wire  as  compared  to  the  one  just  above  it.  There  are  two  factors 
involved  which  are  antagonistic.  First,  the  protection  decreases 
as  the  distance  from  the  grounded  wire  to  the  power  wire  be- 
neath is  increased.  Second,  the  protection  is  increased  as  the 
power  wire  is  lower,  due  to  the  ratio  of  the  heights. 

The  foregoing  figures  are  approximately  the  same  as  obtained 
in  the  usual  practise.  A  grounded  wire  f  in.  in  diameter  is  not 
much  less  than  one  cm.  Towers  are  about  60  ft.  high  and  spac- 
ings  about  six  ft.  Only  one  parallel  groimded  wire  is  usual  even 
with  two  power  circuits.  The  number  of  power  wires  has  no 
effect  on  the  protection  against  potential  but,  as  shown  pre- 
viously, decreases  the  energy  in  the  surge  on  each  wire. 

The  single  grounded  wire  is  not  usually  directly  over  the  three- 
phase  circuit  but  this  makes  relatively  little  difference  in  the 
results.  To  give  the  factor  b  for  wires  in  a  horizontal  plane  and 
/>'  for  wires  in  a  vertical  plane  a  general  value,  needs  only  the  use 
of  the  well-known  equation  for  the  coefficient  of  quantity,  thus 

bi  =  4.6  logio 


rzi 


where  mn  is  the  distance  of  the  image  of  the  power  wire  to  the 
grounded  wire  and  rti  is  the  spacing  between  the  wires. 

The  laws  for  obtaining  the  best  protection  possible  with  a 
single  grounded  wire  expressed  in  a  practical  form  are:  (1) 
string  the  power  wires  as  near  the  earth  as  practicable ;  (2)  string 
the  grounded  wire  above  but  as  near  to  the  upper  power  wire 
as  safe  mechanical  spacing  permits. 
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THE  REACTION  FROM  THE  LOOP    OF    THE    GROUNDED    WIRE    BOTH 

ELECTROSTATIC  AND  ELECTROMAGNETIC 

So  far  it  has  been  assumed  that  the  charge  on  the  overhead  wire 
at  the  instant  of  release  by  the  cloud  discharging  to  earth,  passes 
harmlessly  to  earth  without  attending  phenomena  of  interest. 
This  is  true,  it  would  seem,  only  under  exceptional  conditions. 
This  freed  electric  charge  represents  a  definite  energy.  This 
energy  must  be  either  dissipated  or  transferred  to  some  other 
circuit,  since  there  is  no  way  of  preserving  it  intact  in  the  grounded 
wire  loop  either  as  electrostatic  or  electromagnetic  energy. 

Each  loop  forms  a  distributed  capacitance  and  double  re- 
turn circuit,  Fig.  13,  and  shown  in  equivalent  circuit  in  Fig.  14. 
Unless  the  ohmic  resistance  in  the  loop  is  equal  to  or  greater 
than  the  critical  damping  resistance  an  oscillation  will  follow  the 
initial  discharge  to  earth  of  the  freed  charge.  As  a  matter  of 
fact,  the  resistance,  espedaily  of  metal  towers,  is  but  of  small 


mrn 
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Fig.  13 

Distributed  charge  and  loop  circuit 
to  ground  of  a  grounded  wire  at  the 
instant  its  induced  charge  is  freed. 


Fig.  14 

The  equivalent  circuit  and   the  dis- 
charge of  a  grounded  loop. 


fraction  of  the  critical  damping  value.  Many  oscillations  will 
therefore  take  place. 

So  much  for  the  charge  induced  by  the  cloud.  The  same 
statements  apply  to  the  charge  induced  on  the  parallel  grounded 
wire  by  the  charge  on  the  power  wire  as  shown  in   Fig.  12.  c. 

The  value  of  this  induced  charge,  already  calculated  for  a 
steady  condition,  will  overshoot  Fig.  15.  Momentarily  it  is 
possible  to  get  nearly  double  the  steady  value. 

For  the  present,  the  assumption  is  made  that  the  length  of 
line  wire  is  no  greater  than  the  length  of  the  inducing  cloud. 
This  is  done  for  the  sake  of  simplicity.  It  avoids  the  consider- 
ation of  the  traveling  wave.  On  this  assumption  the  charge 
which  is  freed  on  the  power  wire  remains  stationary  except 
for  local  disturbances  which  come  from  the  discharge  of  the 
grounded  wire  to  earth. 

Due  to  the  electrostatic  effect  alone,  the  surge  potential  on  the 
power  wire  drops  from  its  initial  value  and  oscillates  across  its 
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final  value.  For  example,  for  the  two  wires  at  100  cm.  separation- 
both  in4;he  same  horizontal  plane  and  one  grounded,  the  potential 
drops  on  the  power  wire  from  +  414.7  statvolts  to  +  195  stat- 
volts  and  only  after  several  oscillations  does  it  reach  its  final 
stationary  value  of  +264  statvolts.  This  oscillation  takes  place 
while  the  oscillation  in  Fig.  15  is  active. 

The  electromagnetic  effects  must  also  be  considered.  The 
surges  in  the  grounded  wire  are  free  to  move  with  a  velocity 
nearly  equal  to  that  of  light.  A  considerable  value  of  current 
will  be  reached.  Rings  of  magnetism  emanating  from  the 
grounded  wire  cut  the  parallel  power  wire  and  induce  therein 
electromotive  forces  which  are  proportional  to  the  mutual  induc- 
tance between  the  power  wire  and  grounded  wire,  and  to  the 

di 

rate  of  change  of   current,  e  =  M-j: ' 
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1,830,000  cycles  per  second.  With  50  grounding  points  per  mile 
the  frequency  is  9  million  cycles  per  second.  We  have  all  been 
puzzled  at  times  to  account  for  the  high-frequency  effects  of 
lightning  in  transmission  circuits.  Small  inductances  give  re- 
markable choking  effects  at  times.  The  foregoing  theory  has 
not  yet  had  the  test  given  by  experimental  evidence  but  it 
would  seem  to  be  one  of  the  several  possible  causes  of  high 
frequency  induced  in  a  transmission  line. 

XIV — Self-Inductance,    Natural    Frequency,    Maximum 

Current,  Critical  Resistance  of  the  Grounded 

Wire  and  the  Mutual  Inductance  with 

THE  Power  Wire 

On  the  assumption  that  the  current  in  the  part  of  the  circuit 
which  closes  through  the  earth  can  be  treated  as  an  imaginary 
w^re,  an  image  at  a  depth  under  the  surface  of  the  earth  equal 
to  the  height  of  the  actual  grounded  wire  above  the  surface 
of  the  earth,  the  self -inductance  is  428  fnicro-henries  for  a  length 
of  overhead  wire  of  500  ft.  (11,720  cm.)  The  capacitance  of  the 
grounded  wire  has  already  been  found  and  from  the  combination 
of  its  inductance  and  capacitance  its  natural  frequency  is  640,000 
cycles  per  second. 

The  maximum  current  of  discharge  is  569  amperes.  The  criti- 
cal resistance  which  would  just  damp  out  oscillations  is  370  ohms. 

The  mutual  inductance  between  the  grounded  wire  and  the 
power  wire  is  179.8  micro-henries. 

In  these  data  it  should  be  again  noted  that  the  distance  be- 
tween the  earthing  points  of  the  grounded  wire  is  1000  ft.  (23440 
cm.)  and  is  somewhat  greater  than  is  usual  in  practise.  The 
effect  of  lesser  distance  between  grounded  points  will  be  consid- 
ered later. 

These  data  show  that  with  the  usual  resistance  to  ground  at 
a  tower  of  the  order  of  5  to  20  ohms,  a  great  many  oscillations 
will  take  place  in  this  circuit  before  the  energy  will  be  absorbed 
in  the  resistance,  since  the  critical  damping  resistance  is  370  ohms. 
Since  the  mutual  inductance  is  42.  4  per  cent  of  the  self -induc- 
tance, a  considerable  percentage  of  this  oscillation  will  be  trans- 
ferred to  the  power  wire. 

XV — Data  on  the  Transfer  of  the  Oscillating  Surge  on 
the  Grounded  Wire  to  the  Power  Wire 

It  is  assumed  now  that  the  transmission  wires  are  many  times 
longer  than  the  induced  charge  on  the  wires.    Traveling  waves 
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will  therefore  follow  the  release  of  the  induced  charge.  The 
primary  of  the  circuit  (the  grounded  wire  loop)  contains  induc- 
tance, capacitance,  and  resistance.  The  secondares  which  is 
the  power  wire,  contains  inductance  and  capacitance.  From 
this  standpoint  we  should  use  the  corresponding  mathematical 
equation  but  it  should  be  noted  that  the  capacitance  of  the  power 
wire  is  a  distributed  capacitance  and  that  as  soon  as  a  part  of 
the  charge  is  transferred  to  the  power  wire  it  does  not  oscillate 
in  conjunction  with  the  grounded  loop,  but  the  induced  charge 
is  transmitted  along  the  power  wire  as  a  traveling  wave.  Since 
this  energy  is  lost,  in  the  mutual  operation  of  the  primar\'^  and 
secondary,  the  problem  is  similar  to  a  secondary  circuit  contain- 
ing a  considerable  resistance  which  absorbs  energy.  If  these 
two  problems  give  different  results,  it  will  be  necessary  subse- 
quently to  choose  the  one  which  more  nearly  fits  the  actual 
conditions. 


UfMning  Induction 

r.''i.""!!!':i.':.'"';;vvv"."'.L"-;  •;>*. 
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Fig.  17 

Conditions  of  induced  charges  on  the 
power  wire  and  grounded  wire  at  the 
instant  of  cloud  discharge.  Also  the 
resulting  currents. 


Fig.  18 

The  same  charge  as  shown  in  Pi|[.  17 
after  it  has  turned  into  two  oppositely 
directed  traveling  waves.  Note  the 
decrease  in  potential  as  each  arrives  at 
the  adjacent  ground  loops  B  and  B'. 


Solving  this  problem  as  though  the  two  circuits  both  contained 
concentrated  inductance  and  capacitance  without  resistance,  it 
is  found  that  the  voltage  induced  in  the  secondary  is  51.6  per 
cent  of  the  voltage  in  the  primary.  The  initial  voltage  in  the 
grounded  wire,  acting  as  primary,  is  105,000  volts.  Therefore 
there  would  be  transferred  to  the  line  on  this  basis  a  surge  which 
has  an  initial  voltage  of  54,000  volts  and  a  frequency  somewhat 
over  600,000  cycles  per  second.  The  transference  of  energy  from 
the  local  grounded  wire  circuit  to  the  power  wire  would  very 
quickly  exhaust  the  supply  contained  in  the  original  surge.  In 
round  numbers  the  wave  train  would  run  54  kv.  first  peak, 
27  kv.  second  peak,  18  kv.  third  peak,  9  kv.  fourth  peak,  4  kv. 
fifth  peak,  etc. 

On  the  basis  of  using  a  formula  for  a  concentrated  resistance 
in  the  secondary  of  these  coupled  circuits  the  results  wnll  be  as 
follows: 

To  get  a  conception  of  the  relations  of  the  local  oscillation  in 
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the  loop  of  the  grounded  wire  and  the  main  traveling  wave  in  a 
power  wire,  let  us  assume  that  the  grounded  wire  is  earthed  only 
at  the  limits  of  the  clouds  influence. 

At  the  instant  of  release,  when  the  cloud  discharges  to  earth, 
the  charges  on  both  wires  start  to  spread  simultaneously  and 
similarly  in  both  directions.  Fig.  17.  At  the  midway  point 
both  w4res  reach  zero  potential  at  approximately  the  same  instant 
Fig.  18.  The  traveling  wave  on  the  power  wire  has  now  split 
into  two  parts  and  is  gradually  passing  beyond  the  locality  of 
the  charged  loop  of  the  grounded  wire.  The  grounded  wire  A 
has  produced  no  decrease  in  potential  of  the  power  wire.  When 
the  surges  on  the  power  wire  reach  the  adjacent  grounded  loops, 
B  and  B^,  they  have  their  potential  decreased  by  the  added 
capacitance  of  these  tmcharged  grounded  wires. 

The  surge  in  the  grounded  loop  continues  to  oscillate  locally 
and  by  mutual  induction,  transfers  a  fraction  of  its  energy  to 
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Fig.  19  Fig.  20 

Showing  the  tail  put  on  to  the  main  Superposed    higher    oscillation    on    a 

lightning  surge  by  the  transfer  of  surge  traveling  wave  produced  by  the  osciU 

energy  from  the  grounded  loop    to  the  lations  in  a  grounded  loop.     This  effect 

power  wire   by   electromagnetic   indue-  occurs  when  the  initially  induced   charge 

tion.     The  resistance  of  the  grounded  covers  several  grounding  points. 
loop  is  less  than  the  critical  value. 

the  power  wire.  This  transferred  energy  cannot  add  directly 
to  the  main  traveling  wave  on  the  power  wire  because  the  main 
wave  has  passed  beyond  the  influence  of  the  grounded  loop,  A, 
The  grounded  loop  A  can  do  nothing  more  than  put  an  atten- 
uating tail  on  the  main  wave  and  make  of  it  thereby  a  wave 
train  (assuming  for  the  present  purpose  that  the  cloud  discharge 
has  caused  a  simple  impulse).  This  wave  train  is  shown  in 
Fig.  19. 

If  the  induced  charge  of  the  cloud  covers  several  grounded 
loops  the  two  traveling  waves  should  be  a  combination  of  Figs. 
16  and  19,  as  represented  in  Fig.  20. 

From  these  results  we  see  another  defect  of  the  overhead 
grounded  wire,  namely  that  after  it  absorbs  its  part  of  the  surge 
energy  from  the  cloud  it  returns  this  energy  to  the  power  wire 
in  the  form  of  a  wave  train.  According  to  the  local  conditions 
this  wave  train  may  be  either  superposed  on  the  charge  induced 
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directly  by  the  cloud  on  the  power  »-ire  or  it  may  foDow  imme- 
diately fjn  the  heels  of  this  traveling  wave,  or  both  simultaoeously. 
Although  the  \'oltaEes  of  this  wave  train  are  condiserably  atten- 
uated, the  wave  train  may  do  harm  to  insulation.  Should  the 
coils  of  apparatus  in  any  part  have  a  natural  irequencj-  corres- 
ponding to  that  of  the  wave  trains,  the  energi,-  of  this  entire 
wave  train  nia\-  be  concentrated  again  in  this  local  resonant 
point,  and  cvjnsequenily  the  potential  may  rise  to  extremely 
high  A-alues,  This  resonant  condition  would  not  occur,  however, 
if  the  f,Tounded  wire  had  not  produced  the  wave  train. 

Fro-m  this  standpoint,  therefore,  it  is  desirable  to  have  a 
resistfiTicc  iri  the  earth  connections  of  the  grounded  wire  which 
appro..'  hfs  ihc  critical  damping  resistance.  Since  there  are  two 
earth  i.'.i.r.nti'.ins  in  this  circuit  this  resistance  should  be  approx- 
imately ISb  iihms  each. 

The  objcciiiin  to  the  hijjher  resistance  in  the  earth  connedion 


Wj 
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may  befimnd  when  analysis  is  made  of  ihccondiiionsof  potential 
during  a  direct  strtike.  If.  however,  it  is  on  needed  that  a  direct 
stroke  will  invariably  cause  side  fl.Tshes  \i>  tiie  power  wires  in 
=]>i;e  "f  ihe  vaJue  of  the  eani:  resist:inee.  ihis  r.bienion  In  the 
}ji;.-hcr  resisT.-.nce  of  the  irrounded  wire  will  n..:  In-  valid. 

In  :.i:;L-ir-  a  ;,ir;illel  ^.-rounded  wire.  l!:e  ..IniTt  slvnld  be  to 
in<T'-ase  tr.e  i-K-e-.r.  .statie  ;.r.-,ifcriMn  .nul  di-.re;ise  the  eleelro- 
nia^T.ir:]!.  i:-.iluen'pn  iif  the  i:r..iund  wire  siir;.'e  whieli  is  transferred 
l,.:iLk  1"  tl.e  :M,w(-r  wires.  R;iisin;.'  liie  ,i;r.n:ndi'd  wire  hij:h  above 
l::l-  i">wtT  wires  decreases  ihe  e]eeir.'n-iai;iiene  induction  but 
unfi  nunattly  decreases  ais"  the  eleeirnsiatie  i-rnteetion. 

A  better  nieth'id  of  reducing:  the  eleciromacnetie  induction 
is  to  en::.]'iy  two  grounded  wires  and  place  them  symmetrically 
un  e:icn  side  of  a  power  wire  or  liToui^  oi  power  wires.  Such  a 
condi:i'in  "i  zerf>  electromagneiic  indueiiim  is  .shown  in  Fig.  21. 

As  a  third  means  of  reducini;  the  Iriinsler  oi  surj^e  energy  from 
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the  grounded  wire  to  the  power  wh-e,  the  use  of  critical  damping 
resistance  in  the  grounded  loop  has  already  been  mentioned. 

XVI — Movements   of   Induced   Charges   on    Line   Wires 
Coincident  with  the  Movements  of  Charges  in 

A  Cloud 

So  far  the  assumption  has  been  made  that  the  electrostatic 
charge  on  a  line  starts  from  a  stationary  condition  at  the  instant 
a  lightning  bolt  takes  place  between  the  cloud  and  earth.  A 
stationary  charge  first  collects  gradually  under  the  storm  cloud. 
This  induced  charge  is  distributed  along  the  line  over  a  distance 
somewhat  greater  than  the  length  of  cloud,  Fig.  22.  Coincident 
with  the  discharge  to  earth  there  is  also  a  collection  of  the  accumu- 
lated charge  on  the  line  towards  one  point.  This  point  has  been 
called  the  bolt  peak  and  is  the  point  on  the  line  nearest  to  the  point 
on  the  earth  struck  by  the  cloud   discharge.     In   the   usual 

thunder  cloud  the  quantity  of 

^^^C^^^J^^^^^^^^  electricity  in  the  vertical    dis- 

^'^^'••st^^m^yMO^f^^  charge  from  the  cloud  has  been 

i,ff|P^  gathered    from   some    distance 

^  ^^iiiink^.^.,^  horizontally  in   the  cloud  and 

'MiMiilMiiPWiPPKPPiVillilP^  therefore  there  will  be  a  corre- 

Pjq  23  sponding     movement     of     the 

Concentration  of  charge  on  the  line  clcctrOStatic  charge   on    the   line 
at  the  instant  of  cloud  discharge  and  ^    ^  •      t^*       rto        rrw^* 

coincident      with      the      corresponding  aS  represented  m  J^lg.  ZO.        IhlS 
movements  of  charge  in  the  cloud.  i*      •  i  •/•<•  r        ^i 

preliminary  shifting  of  the 
charges  on  the  power  wires  and  grounded  wires  will  cause  some 
loss  of  energy  by  induction  in  the  grounded  loop.  If  the  charge 
traveling  on  the  line  wires  can  be  retarded  by  means  of  choke  coils, 
especially  those  which  absorb  high-frequency  energy,  it  may  be 
possible  to  materially  decrease  the  peak  of  potential  on  the  line 
wire.  This  is  still  an  indeterminate  condition  which  should  be 
decided  by  experimental  data  on  the  rapidity  of  movement  and 
the  quantity  of  electricity  which  would  be  concentrated  by  this 
particular  effect  of  the  lightning  discharge.  On  the  side  of  the 
retardation  by  inductance  it  is  evident  that  only  a  limited  amount 
of  concentrated  reactance  is  permissible  on  the  line. 

If  these  reactances  in  the  power  wires  are  staggered  they  will 
become  a  help  in  reducing  the  potentials  of  lightning  by  break- 
ing up  the  waves.  Such  a  possible  effect  is  shown  in  Fig.  24  for 
two  parallel  wires  in  which  the  charge  on  one  is  retarded  behind 
the  charge  on  the  other  and  therefore  the  capacitance  of  the 
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adjacent  wire  becomes  available  in  absorbing  the  charges  electro- 
statically, thereby  reducing  the  potential.  Reflections  take 
place  at  each  coil,  which  again  give  time  for  the  absorption  of 
the  surge  energy  on  the  line  by  the  parallel  grounded  wire. 
The  more  the  charges  can  be  absorbed  on  the  line  the  less  the 
amount  to  reach  the  apparatus  in  the  stations. 

The  best  type  of  high-frequency  absorbing  reactance  is  the 
one  with  distributed  resistance  between  turns.  A  partially 
conducting  cement  is  used  which  serves  both  as  a  mechanical 
support  and  as  an  electrical  resistance,  Fig.  25.  As  the  surge 
potential  piles  up  on  each  turn  of  the  coil  it  forces  ctirrent  through 
the  distributed  resistance  between  turns.  Thereby  the  recoil 
from  stored  magnetism  is  avoided  and  a  part  of  the  surge  energy 
is  transformed  into  heat  energy.     The  steeper  the  wave  front 


i  I  • :  •. 


v.'!"'/ 

aMflf;i/ii 


.%au^ 


Fig.  24 

Illustration  of  a  method  of  breaking 
up  a  traveling  wave  by  retardation, 
reflection,  and  absorption  by  specially 
designed  choke  coils  placed  in  staggered 
position  in  the  three-phase  wires.  A 
traveling  wave  meets  the  absorber 
choke  coil  and  three  things  take  place, 
namely,  it  is  partially  absorbed  by  the 
shunting  resistance  from  turn  to  turn, 
it  is  partially  reflected  by  the  inductance, 
and  it  is  partially  transferred  to  the 
adjacent  wire  by  dielectric  displacement 
(as  indicated  by  the  arrows).  This 
displaced  charge  is  divided  into  two 
parts  and  one  part  travels  in  the  opposite 
direction  to  the  original  wave.  Thereby 
a  traveling  wave  is  broken  up  into  many 
parts  and  dissipated. 
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Fig.  25 — Absorbed  Type  of 
Choke  Coil 

A  choke  coil  made  of  bare  wires  cast 
in  a  semi-conducting  cement.  This 
gives  a  distributed  leakage  which  is 
more  effective  than  shunting  the  entire 
coil  with  a  simple  resistance.  Every 
turn  as  it  chokes  back  the  surge  and 
raises  the  potential  of  it,  causes  an 
absorption  of  its  energy  by  forcing  the 
current  through  the  shunting  resistance. 


and  the  higher  the  frequency  the  more  efficient  is  the  absorption 
of  surge  energy.  In  other  words,  the  more  severe  the  surge,  the 
more  it  is  forced  through  the  resistance. 


XVII — The  Absorption  of  the  Traveling  Waves  by  the 
Successive  Loops  of  the  Grounded  Wire 

We  have  just  discussed  an  objectionable  feature  of  the  grounded 
wire  in  ])roducing  a  wave  train  on  the  power  wire  and  we  now 
come  to  a  condition  which  is  more  favorable  to  the  grounded 
wire.  Lightning  impulses  and  all  the  succeeding  traveling  waves 
trains  which  pass  along  the  power  wire  must  have  their  electro- 
magnetism  looped  into  every  succcs.sive  grounded  wire  loop. 
Thereby  each  of  these  grounded  loops  will  have  transferred  to 
it  a  fraction  of  the  energy  of  the  traveling  wave  and  this  energy 
will  be  more  or  less  absorbed  according  to  the  value  of  the  ohmic 
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resistance  in  the  grounded  loop.  Again,  we  come  to  the  desir- 
ability of  having  a  comparatively  high  resistance  in  the  grounded 
loop.  This  resistance  should  either  be  in  the  earth  connection 
or  inserted  in  series  in  a  wire  circuit.  In  this  way  the  grounded 
wire  will  serve  as  an  absorber  of  traveling  waves  and  should 
give  efficient  absorption  in  all  cases  except  where  the  induced 
lightning  is  near  a  station  and  has  only  a  short  distance  to  travel. 
If  there  is  no  appreciable  absorption  of  energy  in  the  grounded 
loop,  the  effect  of  the  grounded  loop  will  be  to  break  up  the  main 
traveling  impulse  into  a  long  wave  train  of  a  wave  length  corres- 
ponding to  the  length  of  the  grounded  loop.  Thereby  a  single 
impulse  from  a  cloud  will  be  transformed  into  a  long  train  of 
waves  at  very  high  frequency. 

XVIII — The  Frequency  of  the  Lightning  Bolt 

So  far  the  assumption  is  made  that  the  cloud  discharge  does 
not  oscillate  between  the  cloud  and  earth.  Prof.  Elihu  Thomson 
has  shown  that  some  parts  of  the  path  of  discharge  in  the  cloud 
itself  have  too  much  resistance  in  their  paths  to  permit  of  a 
free  oscillation.  Mr.  De  Blois'  records  on  an  oscillograph  (A.  I. 
E.  E.  Transactions,  Vol.  XXXIII,  1914,  p.  519)  have  shown 
this  effect.  There  is,  however,  low  resistance  in  the  main  path 
of  the  lightning  discharge  and  therefore  a  possibility  of  local 
oscillations  between  the  ends  of  this  conducting  streak.  Since 
the  length  of  the  conducting  streak  is  comparatively  short,  its 
frequency,  if  it  exists,  is  relatively  high,  perhaps  of  the  order  of 
200,000  cycles  to  a  million  cycles  per  second. 

Any  such  oscillation  will  induce  a  corresponding  oscillation 
on  the  transmission  line,  and  will  be  added  to  the  natural  oscil- 
lations already  discussed.  It  should  be  noted  that  any  oscil- 
lation induced  by  an  oscillation  of  a  cloud  discharge  will  add  surge 
energy  to  the  power  wires  at  each  alternation.  The  original 
quantity  induced  on  the  line  cannot  return  to  the  starting 
point  when  once  freed  by  the  initial  action  of  the  cloud  discharge. 
The  initial  charge  takes  the  form  of  two  traveling  waves  and 
there  is  not  much  more  argument  in  favor  of  their  return  with 
the  oscillation  of  the  cloud  discharge  than  there  is  that  a  rifle 
bullet  will  return  to  a  gun  by  the  force  of  the  air  which  rushes 
into  the  muzzle  after  the  bullet  passes  out.  The  traveling  wave, 
like  the  rifle  bullet,  possesses  dynamic  energy  which  keeps  it 
traveling  once  it  is  set  in  motion  along  the  line  wires. 

So  each  succeeding  oscillation  of  a  cloud  discharge  will  start 
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a  new  oscillation  on  the  line  and  will  thereby  produce  a  wave 
train  which  has  a  greater  energy  than  the  original  induced 
charge. 

XIX — The  Effect  of  the  Combination  of  Lightning  Volt- 
age AND  Power  Voltage  at  the  Instant  the  Bound 
Charge  is  Set  Free  on  the  Line 

At  the  instant  the  cloud  discharges  to  earth  these  tw^o  sets  of 
voltages  both  appear  on  the  line.  The  power  voltage  at  one 
instant  has  one  phase  positive,  another  phase  negative,  and  the 
third  phase  at  zero  potential.  If  the  lightning  potential  is 
positive  the  corresponding  quantities  of  electricity  will  combine 
or  cancel,  leaving  an  inequality  in  the  voltage  of  the  traveling 
waves  which  depart  from  this  point.  This  subject  has  been 
discussed  in  a  previous  article  by  the  writer  and  is  of  especial 
interest  in  the  subject  of  the  arcing  ground  suppressor.  It  is 
another  factor  which  adds  complication  to  any  exact  calculations 
of  what  actually  takes  place  during  and  subsequent  to  a  lightning 
discharge.  This  phenomenon  may  produce  a  material  decrease 
in  the  surge  potential  by  causing  waves  to  travel  in  the  three 
phases  one  ahead  of  the  other,  the  stronger  holding  the  weaker 
one  back  by  electromagnetic  induction.  As  a  result  it  is  possible 
that  equally  induced  charges  on  the  three  phases,  which  have 
equal  tendencies  initially  to  oscillate  towards  earth  may  be 
thrown  out  of  relative  location  on  the  longitudinal  length  of  the 
circuit  and  thereby  produce  line  to  line  surges. 

XX — High  Frequency  Produced  in  Apparatus  by  Trans- 
position OF  Power  Wires 

Transpositions  of  power  wires  are  made  with  two  purposes, 
at  least,  in  view,  namely,  first  to  decrease  the  induction  on 
parallel  lines,  and  second  to  prevent  shifting  of  the  neutral  of 
the  circuit.  Our  present  interest  is  centered  in  the  second 
purpose. 

If  the  power  wires  are  hung  in  a  vertical  plane  the  lowest 
wire  will  have  the  greatest  capacitance  to  earth,  and  the  highest 
wire  the  least.  If  there  are  no  transpositions  of  the  phase  wdres 
there  is  a  tendency  to  shift  the  neutral  from  the  center  of  the 
three-phase  triangle.  If  the  neutral  of  the  circuit  is  grounded, 
this  shifting  tendency  will  produce  a  current  at  the  neutral 
connection  to  earth.  The  current  passing  to  earth  will  be 
such  as  to  satisfy  the  unbalanced  capacitances  of  the  phase 
wires. 
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If  the  neutral  is  not  grounded  the  tendency  to  shift  will 
cause  an  actual  shifting  of  the  neutral  throughout  the  system. 
The  shifted  point  will  be  permanent. 

A  single  phase  simpUfies  the  illustration,  Fig.  26.  To  get  the 
direction  of  shift  of  the  neutral,  without  mathematical  analysis 
make  the  capacitance  of  the  lower  wire  many  times  greater  than 
the  upper  wire.  Practically  this  can  be  done  by  closing  the  dis- 
connecting switch  on  the  lower  wire  and  leaving  the  other  dis- 
connecting switch  open.  As  a  result  the  transformer  gives  the 
effect  of  being  grounded  by  the  lower  wire.    The  capacitance  of 
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Fig.  28 


the  lower  wire  is  so  great  as  compared  to  the  capacitance  of 
the  coils  of  the  transformer  that  the  potential  of  the  connected 
side  is  reduced  sensibly  to  zero. 

Now,  if  the  upper  line  wire  is  connected  to  the  transformer, 
the  two  sides  will  be  more  nearly  balanced  but  the  lower  wire 
will  still  have  the  greater  capacitance  and  therefore  the  neutral 
will  remain  shifted 'from  the  midpoint  of  the  transformer  coils 
as  indicated  in  Fig.  27. 

Incidentally  it  might  be  noted  in  passing  that  the  arcing  at 
the  switch  contact  in  opening  on  one  line  wire  alone  causes 
rapid  shifting  of  potential  in  the  transformer  at  every  break  of 
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the  arc.  If  the  length  of  line  is  such  as  to  resonate  with  the 
natural  frequency  of  the  transformer  coils,  and  especially  if  the 
transformer  coils  are  not  designed  to  break  up  the  surges  into 
several  different  frequencies,  it  is  possible  to  get  local  resonance 
in  the  transformer  coils.  Such  resonance  will  produce  high 
voltages. 

Our  problem  is  the  production  of  high  frequencies,  especially 
at  the  time  of  switching,  not  by  arcing,  but  by  the  transposition 
of  the  phases  along  the  line.  Fig.  28  shows  a  transformer  being 
closed  on  a  transposed  line.  In  the  first  section  wire  x  is  the 
lower  one  and  the  neutral  of  the  transformer  will  be  shifted  from 
the  midpoint  M  to  a  point  1.  As  the  traveling  wave  runs  along 
the  second  section  the  circuit  becomes  unbalanced  on  the  opposite 
side  and  the  neutral  shifts  across  the  midpoint  to  a  point  2. 
There  is  a  sudden  shift  for  every  section  the  traveling  wave 


Fig.  29 


Fig.  30 


passes,  which  throws  a  high  frequency  into  the  transformer 
windings.  The  frequency  (neglecting  higher  harmonics)  can  be 
found  by  dividing  the  velocity  of  light  by  twice  the  number  of 
miles  per  transposition.  For  example,  if  the  line  is  transposed 
every  five  miles,  the  frequency  produced  by  closing  a  switch  on 
to  this  dead  line  will  be  18,300  cycles  per  second. 

r  (183,000  miles  per  second)  ^2X5  =  18,300  J 

At  60  cycles  or  any  frequency  low  as  compared  to  the  natural 
frequency  of  the  line  the  successive  sections  of  transposition  can- 
cel the  unbalanced  currents  and  as  a  result  there  will  be  no 
shifting  of  the  neutral.  There  can  be  no  such  cancellation  for 
a  traveling  wave  because  the  charging  currents  do  not  flow  to 
the  several  sections  simultaneously,  but  successively. 

The  degree  of  unbalancing  depends  upon  the  relation  of  the 
capacitance  of  the  coils  of  the  transformer  to  the  difference  in 
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capacitances  of  the  line  wires.  As  an  example,  the  following 
data  are  used:  Two  line  wires  No.  000  (one  cm.  diameter)  are 
vertically  hung  and  transposed  every  five  miles.  The  upper  wire 
is  66  ft.  high  (2000  cm.)  and  the  lower  wire  40  ft.  high  (1210  cm.) 
The  capacitance  of  the  upper  wire  to  earth  is  10.2  milli-mf .  per 
mile  (0.0557  statfarad  per  cm.)  and  of  the  lower  wire  10.56 
mill*-mf.  per  mile  (0.0590  statfarad  per  cm.) 

If  the  quantities  emanating  from  each  wire  are  assumed  to  be 
equal,  the  potential  of  the  upper  wire  will  be  7  per  cent  greater 
than  the  lower  wire.  If,  on  the  other  hand,  the  potentials  are 
assumed  to  be  equal  the  quantity  on  the  lower  wire  will  be  6 
per  cent  greater  than  the  quantity  on  the  upper  wire.  If  the 
neutral  of  the  circuit  is  not  grounded  both  the  charges  and  the 
potentials  will  change  somewhat.  The  voltage  of  the  upper  wire 
will  differ  by  less  than  7  per  cent  from  the  lower  wire.  Since 
this  difference  is  so  small  it  is  hardly  worth  while  to  make  care- 
ful calculations.  We  may  assume  approximately  that  the  shift- 
ing of  neutral  is  about  4  per  cent  of  the  potential  of  one  wire. 
It  is  evident  that  such  a  slight  variation  in  potential  even  at 
high  frequencies  can  do  no  harm  to  transformer  coils  except 
perhaps  in  the  rare  case  of  resonance  between  the  coils  and  this 
high  frequency. 

General  Survey  op  Protection  by  Overhead  Grounded 

Wire 

It  is  impossible  to  make  definite  recommendations  which  will 
cover  all  conditions  of  transmission  circuits.  There  is  much 
territory  where  lightning  is  not  prevalent  and  therefore  the 
expense  of  the  overhead  wire  may  well  be  avoided.  There  are 
also  cases  where  spurs  of  circuits  are  carried  out  to  small  con- 
sumers where  the  financial  returns  do  not  warrant  the  expense. 
If  such  a  circuit,  when  damaged,  can  be  made  to  free  itself  from 
the  main  circuit  without  a  general  interruption,  the  use  of  a 
grounded  wire  can  be  questioned.  There  may  be  still  another 
case  where,  theoretically  at  least,  the  overhead  wire  may  not 
be  necessary.  This  condition  will  occur  when  the  insulation  of 
the  transmission  line  is  so  high  that  an  induced  stroke  cannot 
flash  over  the  insulators.  In  other  words,  the  insulators  cannot 
be  flashed  over  except  by  a  direct  stroke.  With  the  suspension- 
type  insulators  and  the  tower  carried  well  above  the  insulators  the 
parallel  grounded  wire  would  then  be  of  no  particular  value. 
What  the  dielectric  strength  of  such  an  insulator  must  be  is 
not  known. 
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less,  although  $100  per  mile  is  a  convenient  figure  to  use 
for  comparisons.  The  total  cost  of  electrical  circuits,  in- 
cludinR  the  towers,  varies  from  $2000  to  S12,000  per  mile. 
Each  overhead  (founded  wire  adds  to  the  cost  from  5  per 
cent  to  !  per  cent  of  the  cost,  of  a  Kne,  Since  the  use  of  several 
grounded  wires  KJ^^ds.'sych-  a  large  percentage  of  protection 
against  light jifn'g-attcSces  in  most  cases  ihey  are  justified.  If  line 
prote^tio'n  coukJ  be  made  so  thorough  as  to  do  away  with  large 
inst^fotidns  of  steam  auxiliaries  in  local  substations  the  cost  of 
'  pafallel  grounded  wires  would  drop  immediately  to  a  relatively 
insignificant  figure. 

MATHEMATICAL   EQCATIONS 
Following  are  the  genera!  equations  for  ;i  single  overhead  wire 
and  a  parallel  cylindrical  storm  cluiul: 

V,=     (4.(i  log,.  ^)<h  +     (-1  li  t"k',i.  -^)  q.  (1) 

V,=     (4.6  logio  -^)  g,  +  ^,(i  log,.,  ^)  !^, 


(2) 


Where  r,  =  polcnti;il  of  Hit  w  iri' 

W  =  potential  of  the  cloud  at  its  surface 
g,  =  statcoulombs  per  cm.  of  length  of  wire 
g,  =  statcoulombs  per  cm,  of  length  of  cloud 
ffi]]  =  distance  in  cm,  from  the  image  of  wire  1  to  the  sur- 
face of  wire  1  =  2000  cm, 
r,  =  radius  of  wire  1  —  ,'>  cm, 
wi.i  =  mi,-  =  distance  from  the  image  of  the  cloud  to  wire 

1   =  56.IHI0  cm, 
'ti  =  'u  —  distance  from  the  apex  ot'  charge  in  the  cloud 

to  wire  I   =  .".4,000  em 
m..    =   ilistaTiee  I'rom  tlie  image  ot'  ilie  eloml  to  the  surface 
.>!  the  doud  =    1011,0110  etti 
r„  =  distaiK-e  from  the  apex  of  the  elou.l  charge  to  the 
lower  surlaee  of  ihe  elotu!   -    10.000  cm 
On  substituting  these  values,  e.]tiaii>>us  3  .nul  4  are  obtained: 
ri=    1(10  4-,  +    07-J7  .;,    =  0.  q.    -  .-.rOO  (3) 

r,,=    07--'r  .;,  +  4  tl  c/,  =    V.  V    =  L>(i,l'00  (4) 

Fortw  fd'alli!  :.ir,-i  in  a  horizonkil  pUt'if.  both  grounded,  the 
iluaiitities  .ire  found  from  the  following  relations  where  414,7  is 
;t;epote!!;i,i'.  of  t!;eu;:dis:urbed  tleld  a!  1000  cm  above  the  earth. 
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7i=  0  =  16.6  gi  +  6.0  q^  -  414.7  (6) 

7,=  0  =  6.0  gi  +  16.6  q^  -  414.7  (6) 

ffi  =  ffi  =  18.36  statcoulombs  per  centimeter  (7) 

Electrostatic  energy  =  -1  g^  F^  =  —  x  18.36  X  414.7 

=  3805  statjoules  per  cm.  (8) 

For  comparison  of  one  of  two  wires  to  one  wire  alone: 

(One  wire  only)  Energy  ^  -^  X  2b  X  414.7 

=  5180  statjoules  per  cm.  (9) 
Capacitance  of  one  of  two  wires  to 

ground  =  0.0443  statfarad  per  cm.  (10) 

Capacitance  of  one  wire  to  ground  =  0.0603  statfarad  per  cm  (11) 

The  general  relations  oj  potential  in  statvolts  and  quantity  in 
statcoulombs  per  cm.  length  oj  wire  are  given  below: 

F,=    (4.6  logio  -77  )  «i  +  (4.6  logio  -^)  qt 

-  (gradient  X  height  (1))  (12) 

7,=    (4.6  logio  ~^)  qi  +  (4.6  logio  ^)q2 

-  (gradient  X  height  (2))  (13) 

Notation  is  similar  to  that  of  equations  1  and  2.  The  second 
wire  is  No.  2  and  the  effect  of  the  cloud  is  simplified  to  the  ex- 
pression, "  gradient  X  height  of  wire." 

The  equations  for  induced  quantity  on  5  wires  (4  grouped 
around  one,  height  of  1000  cm.,  spacing  100  cm.,  see  Fig.  11  in 
text)  are  as  follows : 

V^,  =  0  =  16.6  qi  +  12.0  q2  +    6.1  q,  +  5.9  q^  -  414.7       (14) 

V,  =  0  =     6.0  qi  +  21.2  qi  +  5.4  ^3  +  5.2  q^  -  414.7         (16) 

V,  =  0  =    6.1  qi  +  10.8  qt  +  16.76  qz  +  4.6  q^  -  455.8     (16) 

Ki  =  0  =     5.9  qi  +  10.4  q^  +  4.6  qz  +  16.36  q^  -  373.0     (17) 
gi    =  8.45,  §2  =  54=  11.45,  53  =  14.4,  and  q^  =  8.4. 

To  get  the  protection  and  potential  ratio  due  to  the  use  of  a 
parallel  grounded  wire: 

Symbolical  solution  for  potential  ratios  of  two  wires  in  a  hori- 
zontal plane,  one  of  which  is  a  parallel  grounded  wire.  The 
initial  induction  is  given  by  equations  12  and  13,  or  simplified: 
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V,  =  0  =  H  ^,  4-  /'  (Js  -  (l^radiont  X  height  of  wires)  (18) 

F,  =  0  =  6  y,  +  f/  ^5  -  (jjraHicnt  X  heighl  of  wires)  (19) 

Let  k  be  tln.>  uiitlislurljL'd  puLcnlial  iiL  thu  lieiiiht  of  the  wires 


Then 


a-  b     , 

'  U/1  -    b^ 


After  the  ilmiri  ili^c));iri;Ls  i!il-  fli;ir);L'  mi  win.-  I,  I  he  j;roiindcd 
wire,  will  p,i>;s  Id  earth  and  wirt'  1  "ill  lake  an  induced  charj;c  9'. 

r,    =()  =  -„  q'  +  ;,  yi;     whence  ^'  =  —  y.  (21) 

Substitutiii'^  iliis  in  the  new  eqnatioii  for  ihe  [luicnlial  of  wire  2 

r,  =  -  h.i'  +  f/,/,  =  /(/-!i-),;,  (22) 

SulisliluliiiL;  ihi'  \aluc  nf  .|uaiuity  hli  wiri.'  2  fnjni  ci|ualioii  20 
Kives  fur  llic  pnlciuial  of  llu-  power  wire; 


Tlic  poicniial  n[  wire  2  without  protection  of  wire  1  is 

I':'    =  k.  therefore  (24) 

f:  protected  n  -  h 

IVunpn>teelc.! V~  ^^^' 

in  wlii.li  tlusL'  coclhcicnl-  are  llie  ^-.nne  a-;  ,:i\en  in  etpiations 
12, Old  13 

a    --    liih>-.i„    "'"    .ind  /'  -    1.11  In;.';,,    '" '  ■  (26)and(27j 

,/    .=    I  11  !"■■,„  -"-f  (28) 

The  iiroKviinii  is  indeix-ndenl  III  iheceliirJent  (,/)  wl)ich  depends 

//  ///(■    y-f'iniilnl  wire   is  above  llir  poi.rr  ..irr  llir  rolin  would  be 
ilnMi-.nl  III  l>rol>orlioii  lo  llif  pvr.nilii-,-  ol  hni-lil.  tlien 

r,    pnae,„d         _    <^^J.         l.ei;;ht.>f,».werwire 

r  '„n,,r,a,.,,,.,l    '  n  ''    \u-u-h^    .M-r    u-,r,.  ^^^^ 
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If,  on  the  other  hand,  the  grounded  wire  is  below,  the  frac- 
tion containing  the  heights  is  inverted. 

Protection  afforded  by  two  grounded  wires  with  a  power  wire 
symmetrically  placed  cetween  them,  all  three  wires  in  a  horizon- 
tal plane.  The  outside  wires,  No.  2  and  3,  will  have  equal 
quantities  of  electricity  induced  on  them.  The  general  equations 
are: 

Fi   =  aqi  +  bq2  +  bq^  +  k  (29) 

Fj   =  bqi  +  cq.+dq^  +  k  (30) 

With  the  wires  at  zero  potential  and  the  cloud  charge  negative, 

Vi-=^0  =  aq,  +  2bqt-k  (31) 

F,  =  0  =  6  (Zi  +  (c  +  (/)  52  -  *  (32) 

_      c  +  d-  2b  ,  .„„. 

a  {c  +  d)  —  2b^ 

Immediatel}'''  after  the  lightning  discharges 

F,   =  0  =  6  gi  -(c  +  d)  q\   q'  =  j^  q,  (34) 


T/                  .07/              a{c  +  d)  +  2b^ 
Vi    =  aqi  +  2bq'  =         — ^^ — c  -h  d ^^ 


=('-^)' 


(86) 


As  before  (k)  disappears  in  the  potential  ratio  which  becomes 

('-Tf.) 

9  h 

The  protection  =  — r^  (36) 

c  -j-  a 

If  instead  ,of  taking  the  two  grounded  wires  equally  spaced 
from  the  power  wire,  they  should  have  been  unequally  spaced, 
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then  2b  becomes  two  separate  factors,  say  (b  +  /),  and  the  pro- 
tection from  two  parallel  grounded  wires  becomes 


protection  = 


b+f 
c  +  d 


Where  b  =  4.G  logio 


r2i 


/  =  4.G  logio  , 


31 


c  =  4.0  logio 


d    =    4:.()  logii 


^22 
^2 


W£2 
^32 


(37) 


W21  =  image  2  to  wire  1 
r2i  =  spacing  wires  2  and  1 
W31  =  image  3  to  wire  1 
fzi  =  spacing  wires  3  and  1  ^ 
W22  =  image  2  to  wire  2 

r2  =  radius 
'  rw32  =  image  3  to  wire  2 
rjo  =  spacing  wires  3  and  2 


(38) 


(89) 


(40) 


(41) 


Since  the  i^rounded  wires  are  assumed  to  be  the  same  diameter 
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Discussion  on  "Theory  of  Parallel  Grounded  Wires  and 
Production  OF  High  Frequency  IN  Transmission  Lines" 
(Creighton),   Cleveland,   Ohio,  June  29,    1916. 

Harold  S.  Osborne:  In  considering  any  circuit  which  uses 
the  ground  as  part  of  the  electric  circuit,  we  are  forced  to  take 
account  of  a  factor  which  in  the  present  state  of  the  art  is  to  a 
considerable  extent  unknown,  that  is  the  property  of  the  ground 
itself.  The  ground  is  not  a  perfect  conductor,  and  in  a  great 
many  instances  in  which  the  ground  is  used  as  a  part  of  the  cir- 
cuit, the  effect  of  the  resistance  of  the  ground  is  very  consider- 
able. 

In  dealing  with  currents  of  a  few  hundred  or  a  few  thousand 
cycles,  we  have  found  that  as  to  electrostatic  effects,  the  resis- 
tance of  the  ground  usually  has  but  slight  effect.  The  determina- 
tion of  what  the  equivalent  level  of  the  ground  is,  is  sometimes 
difficult.  For  example,  a  row  of  trees  may  have  a  considerable 
electrostatic  effect,  and  would  be  very  difficult  to  take  account 
of  in  mathematical  work.  In  electromagnetic  effects,  the  re- 
sistance of  the  ground  is,  for  currents  of  the  frequencies  of  which 
I  have  spoken,  ordinarily  very  considerable.  We  have  found  in 
some  cases  that  a  grounded  circuit  produces  the  same  effect  as 
though  the  return  current  were  concentrated  at  a  point  a  thousand 
feet  below  the  surface  of  the  earth,  and  in  some  cases  a  con- 
siderably greater  distance,  and  I  would  be  very  much 
interested  if  Mr.  Creighton  can  give  us  any  information 
regarding  the  eft'ects  of  the  ground  at  these  very  high  frequencies 
which  he  is  discussing. 

The  other  point  I  had  in  mind  is  an  effect  of  the  use  of  over- 
head grounded  wires  of  which  the  author  does  not  speak — the 
overhead  grounded  wires  not  only  tend  to  protect  the  power 
lines  from  induced  charges  from  clouds,  but  also  tend  to  protect 
the  circuits  paralleling  the  power  lines  from  charges  induced  by 
the  power  circuit.  This  effect  is  very  considerable  in  some 
cases,  and  I  am  sure  that  telephone  engineers  should  be  pleased 
that  Mr.  Creighton  is  advocating  their  more  extended  use. 

N.  S.  Diamant:  I  think  it  is  well  in  connection  with  this 
paper  to  call  attention  to  the  advantages  of  investigating  graphi- 
cally electrostatic  effects  of  ground  wires,  at  least  in  the  simple 
cases;  the  advantage  of  the  graphical  method  is  its  simplicity 
and  especially  the  fact  that  it  gives  a  picture  of  the  electrostatic 
stresses  existing  in  the  space  near  the  ground  and  transmission 
wires. 

From  the  nature  of  the  subject,  I  think  it  is  a  serious  defect 
not  to  have  included  in  the  paper  references  to  previous  work  and 
to  detailed  mathematical  and  graphical  solutions.  The  funda- 
mentals on  which  the  treatment  of  the  subject  is  based  are  given 
in  the  monumental  works  of  Maxwell.  However,  without  going 
to  original  sources  it  would  have  added  greatly  to  the  value 
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and  usefulness  of  the  paper  to  have  a  few  references;  even  if  the 
author  used  no  references  whatsoever,  it  would  not  have  been 
as  difficult  for  him  to  look  up  some,  as  it  will  be  for  any  reader 
who  may  desire  further  details. 

As  Mr.  Creighton  has  emphasized  there  are  important  as- 
sumptions to  l)e  made  which  are  not  unassailable  and  on  which 
differences  of  oi)inion  may  exist.  The  results  of  this  paper  depend 
on  these  assumptions  which  Mr.  Crci<;hton  has  so  clearly  brought 
out.  Now,  references,  no  matter  how  incomplete,  would  have 
allowed  us  to  compare  some  of  the  author's  assumptions  and 
results  with  those  of  others. 

John  B.  Taylor:  I  must  confess  to  being  somewhat  confused 
in  following  this  paper,  through  the  use  of  some  of  the  terms. 
For  instance,  when  we  are  discussing  periods  of  time  as  brief  as 
a  millionth  of  a  second,  what  is  the  interpretation  to  be  put  on 
such  words  as  "instantly"  and  "suddenly."  I  judge  Mr.  Creigh- 
ton  wants  us  to  assume  that  a  charge  accumulates  in  a  cloud 
gradually  tlirough  moisture  condensation  or  other  atmospheric 
condition,  and  that  equally  gradually  the  ground  wire  and  the 
conductors  of  the  line  accumulate  charges  by  induction  from  the 
cloud.  Then  "suddenly"  without  regard  to  time,  it  is  assumed 
that  the  charge  on  the  cloud,  disappears  in  a  lightning  stroke, 
leaving  the  charge  (ui  ground  wire  to  oscillate  at  its  own  natural 
jK-riod  as  detennincd  by  the  conditions  of  the  circuit. — distance 
between  earth  connection  and  the  inductance  and  capacity 
in\"()lved. 

A  (litTrrcnt  state  of.  affairs  seems  more  consistent  with  his 
estiniatc>(l  K'n,L;th  of  lightiiing  stroke  as  one  mile.  How  is  it 
pnssil)lr  to  hr  rid  of  tile  charge  on  the  eloiid  thrcnigh  a  stroke 
a  mile  long  in  a  time  negligil)le  compared  with  tlie  time  of  oscilla- 
ti(Hi  in  the  o\-erliea(l  i^round-wire  eireuil,  wliieh  is  given,    in    a 

"»00_l/l(^»t       CMl'ltT  111       fll.l      (^M-/1iiT-     ,.f       fM'(i      1-VTllll(\n      (•\-|>li>^.-      1\i»V     c<'>r>/-\tT/'i 
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have  come  into  favor  again,  only  after  recognition  of  the  need 
for  good  mechanical  construction. 

John  B.  Whitehead:  It  is  interesting  to  remember  that  ever 
since  the  days  of  Benjamin  Franklin,  scientists,  physicists  and 
engineers  have  studied  lightning  phenomena,  but  no  satis- 
factory explanation  or  theory  has  resulted.  It  is  impossible, 
of  course,  to  control  the  conditions  in  the  natural  case,  and  hence 
experience  is  limited  to  inadequate  laboratory  studies.  Therefore 
it  seems  to  me  that  it  is  quite  proper  to  build  up  assumptions 
which  come  as  near  to  actual  conditions  as  our  existing  theories 
indicate,  and  then  to  compare  the  results  following  from  them 
with  the  natural  case. 

Several  years  ago  a  paper  was  read  before  the  Institute  by 
Mr.  J.  P.  Jackson,  in  which  he  made  an  effort  to  plot  the  equi- 
potential  surfaces  of  a  transmission  line  with  ground  wires  upon 
the  towers.  The  surface  of  zero  or  ground  potential,  was  shown 
to  have  different  shapes  in  accordance  with  the  different  positions 
of  the  ground  wire.  The  whole  question  reverts  of  course  to 
Faraday's  original  proposition,  which  has  been  justified  by  experi- 
ence in  a  hundred  ways,  that  if  you  want  to  protect  anything 
from  lightning  or  from  electrostatic  influences  surround  it  by  a 
grounded  cage.  The  grounded  wire  is  simjjly  a  small  a]j])roach 
to  that  condition,  and  therefore  taking  the  conditions  Mr. 
Creighton  outlined  in  his  abstract,  it  is  perfectly  natural  that 
the  nearer  you  put  a  groimded  wire  to  the  transmission  wire  just 
so  much  more  nearly  do  you  give  it  a  grounded  screen. 

I  question  the  correctness  of  one.  of  the  conclusions,  namely 
that  the  grounded  wire  placed  below  the  power  wire  should  give 
it  approximately  as  much  protection  as  when  the  grounded  wire 
is  placed  above  it.  Naturally,  there  would  be  some,  but  I  think 
the  difference  should  be  quite  considerable  for  all  but  the  smallest 
distances  of  separation.  OtherwivSe,  the  conclusions  are  in 
accord  with  the  conception  that  the  grounded  wire,  is  simply  an 
approximation  to  a  grounded  cage. 

The  author  questions  whether  a  lightning  rod  should  be 
pointed,  since  when  the  corona  starts  from  a  point  it  is  equivalent 
to  making  the  wire  blunt  ended.  My  conception  of  the  point 
of  the  lightning  rod  is  that  it  gradually  dissij)ates  the  charge 
as  the  potential  rises  by  the  discharge  from  its  points,  and  con- 
sequently tends  to  keep  down  the  potential.  I  should,  therefore, 
question  whether  a  blunt  point  would  serve  so  well  as  a  sharp 
point. 

L,  W.  Chubb:  The  author  speaks  of  the  peaking  of  the  charge, 
illustrated  in  Fig.  8,  causing  a  displaced  negative  charge  which 
forces  a  charge  in  the  windings  of  the  api)aratus  in  an  undesirable 
way.  I  understand  that  this  menace  only  exists  for  the  un- 
grounded system. 

E.  E.  F.  Creighton:     ^'es. 

L.  W.  Chubb:  Mr.  Taylor  has  called  attention  to  the  relative 
time  constants  of  the  short  line  sections  and  the  long  lightning 
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path,  precluding  the  possibility  of  propagated  wave  trains  and 
the  more  probable  existence  of  sloping  wave  fronts.  This  is, 
I  think,  an  important  point  and  the  analysis  of  lightning  phe- 
nomena should  be  made  assuming  only  factqrs  of  the  proper 
order  of  magnitude. 

In  Fig.  14  Mr.  Creighton  hks  shown  the  parallel  ground  wire 
divided  into  short  sections  by  the  grounding  wires,  and  each 
having  an  electrostatic  capacitance  to  ground.  At  the  time  of 
discharge  from  cloud  the  freed  charge  in  each  section  will  divide 
and  pass  out  the  grounding  wires  as  shown.  The  currents  in 
the  adjacent  sections  will  induce  in  the  power  line  traveling 
waves  in  opposite  directions,  which  will  result  in  standing 
waves.  If  the  induced  waves  in  the  power  line  are  nearly  in 
phase  there  will  be  a  rather  complete  cancellation  of  the  waves 
and  a  falling  off  in  amplitude  along  the  line  as  it  passes  outside 
of  the  influence  of  the  cloud.  This  cancelling  effect  and  the 
damping  in  the  circuits  would  seem  to  be  enough  to  limit  the 
wave  trains  beyond  the  influence  of  the  cloud  to  a  rather  in- 
significant amplitude.  There  is  also  some  doubt  in  my  mind 
whether  the  released  charge  in  the  section  of  the  ground  wire 
will  oscillate,  because  the  capacitance  is  not  concentrated  as 
shown  in  the  figure.  The  section  has  distributed  capacitance 
and  inductance.  If  the  distributed  constants  of  the  section  of 
the  ground  wire  do  prevent  the  propagation  of  wave  trains 
in  the  power  line,  the  standing  waves  will  not  exist  and  the  bad 
after  effects  of  the  ground  wire  would  be  reduced  to  a  very  sloping 
wave  front  of  much  less  amplitude  than  if  the  ground  wire  were 
not  present. 

In  several  places  in  the  paper  the  author,  in  pointing  out  the 
inductive  effects  of  the  ground  wire  on  the  power  wire,  speaks 
of  the  sudden  change  in  capacitance  to  the  line.  Capacitance 
is  an  invariable  physical  constant  and  I  cannot  see  how  a  change 
in  capacitance  takes  place  during  the  transient. 

E.  E.  F.  Creighton:  I  am  unable  to  give  Mr.  Osborne  any 
experimental  information  on  the  distribution  of  high-frequency 
currents  in  the  ground.  I  am  glad  Mr.  Osborne  added  another 
use  of  the  overhead  grounded  wires  which  I  had  overlooked. 

Referring  to  Mr.  Diamant's  request  for  a  bibliography,  I  have 
to  confess  that  I  did  not  make  one  and  in  fact  did  not  attempt 
to  look  up  all  the  references.  The  mathematical  equations,  as 
originally  given  by  Maxwell  and  Heavyside  are  available  to 
those  who  have  the  volumes.  These  I  have  not  referred  to 
for  many  yoars.  The  work  by  Heavyside  will  be  found  in  one 
of  his  two  volumes  of  "Electrical  Papers." 

Referring  to  Mr.  Taylor's  comments — I  endeavored  to  simplify 
this  matter  by  considering  only  one  variable  at  a  time.  The 
neglected  factors  are,  I  believe,  stated  in  the  foot  note.  The 
words  *'instantly"  and  ^'suddenly"  then  refer  in  an  indefinite 
way  to  the  period  of  time  corresponding  to  the  length  of  charge 
in  the  constants  of  a  circuit.    In  reading  the  paper  it  should  be 
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SUGGESTIONS  FOR  ELECTRICAL  RESEARCH  IN 

ENGINEERING  COLLEGES 


BY  V.  KARAPETOFF 


Abstract  of   Paper 

The  primary  object  of  the  paper  is  to  present  a  list  of  topics 
in  electrical  engineering  suitable  for  thesis,  research,  and  ad- 
vanced study.  A  plea  is  made  for  systematic  research,  each  col- 
lege specializing  year  after  year  in  only  a  few  topics  for  adv^anced 
investigation.  The  author  suggests  that  the  Educational  Com- 
mittee of  the  Institute  become  a  central  place  for  information 
and  a  stimulus  in  applied  electrical  research,  cooperating  with 
engineering  colleges  and  with  individual  inventors  and  investi- 
gators. 

Various  types  of  investigations  are  enumerated,  such  as 
invention,  experimental  study,  theoretical  study,  library 
search,  and  compilation  of  data.  Some  advice  is  given  the 
young  investigator  as  to  how  to  proceed  in  the  most  efficient 
way  and  to  avoid  a  disappointment. 


i  i  T  Y  7HAT  topic  shall  I  choose  for  my  required  thesis?"  This 
W  is  a  question  that  will  sound  familiar  to  a  teacher  in 
electrical  engineering.  Sometimes  the  students  puts  the  question 
in  this  way :  "I  have  some  spare  time  and  should  like  to  do  research 
work;  what  would  you  suggest  for  a  subject?"  Again,  once  in 
a  while  a  young  practising  engineer  writes  that  he  does  not  wish 
to  become  "  rusty  "  and  asks  that  a  subject  be  suggested  for 
systematic  study  in  the  evenings.  Truth  forbids  the  statement 
that  such  inquiries  come  often  enough  to  be  burdensome; 
nevertheless  the  writer  found  it  convenient  some  years  ago  to 
compile  "  A  List  of  Electrical  Subjects  for  Thesis,  Research  and 
Advanced  Study,"  as  a  ready  reference  in  answering  such  in- 
quiries. This  list  was  privately  printed  in  1909  and  has  been 
used  since  by  a  number  of  the  author's  colleagues  in  various 
engineering  colleges.* 

A  revised  and  augmented  list  is  now  offered  to  the  profession 
in  the  hope  that  it  may  prove  useful  and  stimulating  to  students, 

*For  a  similar  list  of  topics  in  mechanical  engineering  see  H.  Wade  Hib- 
bard,  "Thesis  Directions  for  Students,"  Proceedings  of  the  Society  for  the 
Promotion  of  Engineering  Education,  Vol.  21  (1913)  p.  129. 
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to  teachers,  and  to  engineers  who   are   interested  in  research, 

invention,  and  advanced  study  in  electrical  engineering. 

The  author  also  recommends  that  the  Educational  Com- 
mittee of  the  Institute  revise  this  list  from  time  to  time  and 
keep  it  up  to  date,  soliciting  additional  suggestions  from  various 
technical  committees,  from  prominent  practising  engineers  and 
from  teachers  In  this  manner  the  Educational  Committee  would 
in  time  become  a  source  of  information  and  stimulus  for  organized 
electrical  research. 

Anyone  who  follows  European  electrical  periodicals  will  agree 
that  this  countr\-  is  behind  Germany  and  Ensland  in  the  inven- 
tion of  new  typts  of  electrical  machinery  and  apparatus,  in 
the  discovery  of  new  electrical  phenomena,  and  in  the  develop- 
ment of  working  theories  and  numerical  relatiom  needed  in  our 
profession.  Whatever  the  causes  of  our  backwardness,  we  must 
find  a  remedy  for  it,  and  the  most  important  first  step  is  to 
systematize  and  organize  research 

The  American  Institute  of  Electrical  Engineers  has  not 
limited  itself  in  the  past  merely  to  recording  the  progress  of  the 
art  and  the  opinions  of  its  members.  Through  its  committees 
and  representatives  the  Institute  has  participated  in  the  solu- 
tion of  a  number  of  imjxirtant  national  and  international  prob- 
lems, and  it  has  never  failed  to  take  an  active  interest  in  activities 
by  which  it  was  able  to  render  important  ser\-ice  to  the  profes- 
sion and  to  the  nation. 

The  promotion  of  organized  research  in  engineering  and  the 
to  train  themselves  in  the  art 
important  national  problem,  if 
ing  European  nations  and  to  be 
;  of  need.  The  author  has  em- 
tail  the  imi>ortance  of  syslemalic 
K-  art  "i  invention  among  young 
.liiieorini;  sociene<  arc  naturally 
einoni.  atui  the  American  Insti- 
niL!lit  \->  ilo  its  share.  In  fact, 
'i'  till,'   institute,  according  to  its 
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constitution,  is  '*  the  advancement  of  the  theory  and  practise 
of  electrical  engineering  and  of  the  allied  arts  and  sciences." 
The  Educational  Committee  of  the  Institute  could  well  carry 
on  this  work  if  some  of  its  members  were  selected  with  this  pur- 
pose in  view,  and  if  it  could  arrange  for  cooperation  with  the 
other  technical  committees.  This  would  be  a  distinct  field  of 
activity  closely  connected  with  the  rest  of  the  work  of  the 
Institute,  and  at  a  safe  distance  from  the  work  of  special  educa- 
tional societies,  especially  the  Society  for  the  Promotion  of 
Engineering  Education.  This  new  activity  of  the  Educational 
Committee  of  the  Institute  might  be  carried  on  as  follows: 

1.  The  Educational  Committee  could  announce  in  the  Pro- 
ceedings and  by  letter  to  the  electrical  departments  of  the 
technical  schools  in  North,  Central,  and  vSouth  America  that  it 
is  prepared  to  assist  the  students  and  young  engineers  by  sug- 
gesting topics  for -research,  invention,  and  advanced  or  special 
study. 

2.  The  Educational  Committee  could  regularly  collect  and 
publish  suggestions  as  to  timely  topics  for  research  from  the 
technical  committees  of  the  Institute,  from  manufacturing  and 
operating  concerns,  testing  laboratories,  consulting  engineers, 
prominent  scholars,  etc. 

3.  The  Educational  Committee  could  collect  information  as  to 
the  facilities  for  research  available  in  different  schools,  and  the 
problems  already  solved  or  under  investigation.  The  principal 
schools  might  be  induced  to  conduct  certain  researches  in  co- 
operation, rather  than  to  duplicate  work.  Each  school  ought 
to  specialize  in  research  along  a  few  definite  lines  year  after  year, 
in  accordance  with  the  facilities  available  and  the  relation  to 
the  local  industries.  In  this  manner  valuable  results  could  be 
achieved,  whereas  now  the  attempt^  are  mostly  sporadic,  leading 
nowhere.* 

4.  The  principal  results  of  research  might  be  published  regu- 
larly in  abstract  in  the  Proceedings,  and  thus  made  of  general 
use,  where  now  they  are  simply  filed  in  college  libraries. 

•Perhaps  the  most  instructive  case  of  systematic  research  carried  on 
through  many  years  was  that  at  the  Elektrotechnisches  Institut  in  Karls- 
ruhe, under  the  inspired  guidance  of  the  late  Engelbert  Arnold  (1856-1911). 
As  a  result  of  this  work  we  have  several  volumes  of  the  most  accurate 
and  useful  information  on  dynamo-electric  machinery  and  numerous  valu- 
able inventions;  while  scores  of  Arnold's  former  students  all  over  the 
world,  are  prominent  as  inventors,  investigators,  designers,  and  scholars. 
In  this  country  Professor  Harris  J.  Ryan  with  his  students  has  carried  on 
investigations  on  dielectric  stresses  for  years  with  splendid  results. 
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status  of  a  certain  topic,  it  is  hardly  likely  or  even  advisable  that 
the  student  should  take  it  for  his  thesis.  He  needs  an  elementary 
text-book  on  the  subject.  If,  however,  at  least  one  of  them 
knows  something  about  the  particular  topic,  its  mention  in  the 
list  will  be  sufficiently  suggestive,  and  will  recall  to  his  mind 
certain  definite  problems  to  be  investigated,  and  he  will  know 
where  to  go  for  some  first-hand  information  on  the  subject. 

3.  Each  technical  college  will  find  it  more  effective  and  more 
useful  from  an  educational  point  of  view  to  induce  successive 
students  to  continue  each  other's  investigations  for  a  term  of 
years  until  definite  results  have  been  achieved.  The  college 
can  then  afford  to  invest  a  considerable  sum  of  money  in  ap- 
paratus and  will  develop  real  experts  among  its  faculty  who 
supervise  this  research.  With  a  proper  selection  of  a  few  topics 
this  policy  would  in  a  few  years  lead  to  the  formation  of  a  valu- 
able specialized  experiment  station. 

4.  As  far  as  possible,  only  subjects  of  vital  interest  have  been 
selected  for  the  list,  although  the  author  does  not  believe  that 
the  immediate  applicability  of  the  results  is  of  prime  importance. 
What  counts  is  the  ability  to  size  up  a  situation ;  to  obtain  the 
necessary  information;  to  concentrate  one's  whole  attention  and 
interest  on  a  problem,  and  to  get  definite  results.  Facts  and 
relations  that  are  of  no  practical  use  today,  may  become  very 
important  presently. 

5.  Much  valuable  work  can  be  accomplished  by  colleges  and 
their  advanced  students  through  exercising  a  wise  foresight  as  to 
future  developments  in  the  electrical  industry.  Often  manufac- 
turers feel  disinclined  to  experiment  on  subjects  whose  commer- 
cial usefulness  seems  remote,  and  here  is  where  a  college  can  blaze 
the  way,  clear  the  situation,  perform  the  first  preliminary  experi- 
ments and  bring  the  results  to  the  attention  of  those  who  may 
continue  the  work  on  a  larger  scale  and  with  more  accurate  means. 

6.  A  r6s\im6  of  the  present  situation  is  needed  in  most  of  the 
important  topics  for  research.  Sometimes  a  student  without 
much  imagination  but  with  plenty  of  patience  may  be  utilized 
for  this  preliminary  work;  he  may  thus  become  a  useful  con- 
tributor to  the  solution  of  a  problem  where  he  would  have  failed 
if  allowed  to  undertake  an  original  investigation.  It  is  earnestly 
urged  that  students  and  others  interested  in  the  progress  of  our 
profession  do  more  of  this  kind  of  work,  describing  in  a  connected 
and  critical  manner  what  has  been  done,  how  it  was  done,  where 
the  information  is  to  be  found,  and  what  remains  to  be  done. 
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StR*  inf(*nii«ti«n  freely  published  in  magaiines  and  trans- 
,tv^tiv^<  \ny\M  not  oilly  serve  as  a  powerful  stimulus  for  research. 
i%tn  w.i,iM  tx'licve  nbic  investifjaiors  and  inventors  of  a  great 

I'RiN.  ii'Ai.  lYfEsoF  Investigations 
,■    ;,,Tv^f„iw   cr   improvement  in   apparatus,   in  connections, 
-^iiY^irtl",  ill  uirtlifxliof  manufacture,  etc.     If  possible,  always 

■  iVv  ^vi  iM\>"liKiit'">'  of  this  kind,  because  the  progress  of  en- 
'■»'ri'rt«  i"^'  iIpI'I'Ii'Im  essentially  upon  invention. 

,V    «>^>tli  i»  the  patent  records  of  the  United  States  and  foreign 
.  ...../..y.,  nitli  llir  view  of  determining  the  state  of  the  art  in  a 

■,.>iiVMtni  "iil'l'"'"t  or  branch  of  industry-.  Such  a  search  often 
..«>\-<  1  Dn^Til  iiinount  of  labor,  expense,  and  bitter  disappoini- 
L.i!  lit  tHtvi  I'"  .Moreover,  a  thorough  knowledge  of  the  com- 
I-..1  ttiiMiN  nli'l  means  used  by  other  inventors  sometimes  suggests 
'II'  I'l  ihr  ffmaining  combinations  not  covered  by  patents,  or 
>>i  iiiit>H>vi'inent  in  the  preceding  inventions.  If  students  and 
,1.1111V  i:iij:in<«rrs  would  do  more  of  this  class  of  work  and  less 
|,iuiiiiQi  wiiw",  inventing,  we  would  have  fewer  anno\nng  and  dis- 

■  iCl-uimrrl  inventors,  and  more  inventions  of  real  value. 

(.  I  -In  •■rprrimmtal  invealigation  of  some  de^'ice  or  group  of 
'li,ii>:^,  a  material,  a  process,  etc..  to  determine  the  efTect  of 
. ,  ii.iiii  l.iit'irs.  for  future  guidance. 

1.1]   ,1   Ihforelical  i'i£'Cj/ign/fOH  of  some  relationship  or  phenom- 
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ir  I  ('nmpitatice  or  semi-cumpilative  work,  such  as  systems 
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etc.  Often  an  attempted  research  ends  in  failure  not  because  of 
alleged  external  difficulties  but  because  the  student  selected  the 
wrong  kind  of  problem ;  for  instance,  one  requiring  experimental 
ability,  when  his  strong  point  is  library  research.  An  insufficient 
knowledge  of  the  fundamentals  of  one's  profession  often  results 
in  a  failure  in  research,  though  it  is  sometimes  difficult  to  con- 
vince the  student  of  the  connection  between  the  two. 

2.  Before  taking  up  a  piece  of  special  research  ask  yourself 
if  the  same  time  could  not  be  more  profitably  spent  in  a  study  of 
some  more  general  topic  in  electrical  engineering.  For  example, 
would  you  spend,  say,  half  a  year  in  experimental  research  of  the 
effect  of  wave-form  of  the  applied  voltage  upon  the  core  loss  in 
a  transformer,  or  would  it  be  more  useful  for  yourself  to  put  the 
same  time  in  a  studv  of  books  and  articles  on  transformers  in 
general,  their  theory,  construction,  design,  connections,  etc.? 
This  question  no  one  but  yourself  can  answer. 

3.  Remember  that  in  practically  every  case  you  expect  to 
continue  the  work  of  others;  therefore  be  particularly  careful  to 
find  out  what  has  been  done,  avoid  duplication,  and  give  due 
credit  to  the  preceding  investigators.  The  literature  search  may 
be  properly  begun  with  the  "  Science  Abstracts,"  Part  B,  Elec- 
trical Engineering.  In  some  cases  Part  A,  Physics,  must  also 
be  consulted.  The  corresponding  German  publication  "  Fort- 
schriUe  der  Elektrotechnik  "  is  also  excellent  and  perhaps  more 
systematic; in  addition  to  abstracts  and  periodicals  it  contains  new 
books  and  patent  specifications.  The  well  known  '*  Engineering 
Index,"  and  the  card  catalogues  arranged  by  topics  and  found 
in  the  Engineering  Societies  Library  in  New  York,  in  Carnegie 
Library  in  Pittsburgh  and  in  large  college  libraries  are  also 
great  helps.  The  indexes  to  the  leading  electrical  magazines 
and  transactions  should  also  be  consulted. 

4.  When  planning  some  research  or  invention  try  to  think  of  it 
in  the  light  of  the  past  and  future  development  of  the  subject, 
and  not  as  a  detached  little  investigation  of  your  own.  This 
means  that  you  must  connect  your  work  with  that  of  former 
investigators,  and  present  your  results  in  definite  fonn  so  that  the 
following  investigators  can  connect  them  with  their  work  and 
profit  by  your  labors. 

5.  There  are  problems  on  which  no  one  is  working,  either  be- 
cause the  situation  is  premature,  or  because  others  became  dis- 
couraged through  lack  of  results.  There  is  an  advantage  in 
working  on  such  a  problem.     Should  you  succeed,  your  credit 
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and  recognitiim  will  l>c  so  much  greater.  On  the  other  hand,  you 
arv  much  safiT  wiirking  on  a  problem  already  staked  out  by 
others,  wh^rr  you  are  merely  developing  a  detail.  Some  prefer 
exploring  tlu'  wild«^muss.  others  keep  near  to  beaten  paths. 

(V  Aluiost  jiny  problem  mentioned  in  the  following  list  may  be 
uinde  as  slmrl  iuid  elementary  or  as  long  and  thorough  as  is  de- 
siivd,  Tnnti  a  BU|)crfic)al  undergraduate  thesis  finished  in  a.  few 
w^vks,  to  iin  expert's  deep  research  carried  on  devotedly  through 
t\  U'lii;  scrio; 'if  years.  Do  not  "bite  oil  more  than  you  can  chew," 
I'ut  wImlcviT  you  decide  to  do.  do  it  well. 

T.  Do  ui.l  Iry  to  maintain  secrecy  regarding  your  work,  but  try 
In  \\\nw  inin  it  and  to  interest  in  your  problem  as  many  other 
nl'lr  prrsnii^;  ys  you  can.  Both  you  and  they  will  be  benefited 
lliiMrliy.  (Vinsider  yourself  to  be  but  a  thief's  apprentice  who  is 
It'iMnii));  htjw  to  steal  nature's  secrets,  but  is  not  actually  doing 
tl  vrt. 

M  Ihiving  made  a  patentable  invention  or  obtained  a  patent 
iti>  ii"t  try  to  hold  it  for  an  exorbitant  price.  Dispose  of  it  on 
llir  li;isis  of  a  reasonable  sum  down  and  a  moderate  royalty  per 
vriii'  or  per  piece  sold.  If  you  have  a  real  inventor's  stuff  in  you, 
voii  will  miike  many  more  important  and  lucrative  inventions. 
I  ii'.]i'ise  of  your  first  effort  as  soon  as  possible;  it  will  be  an  en- 
inuiiigemcnt  for  your  further  work. 

niiif'ul    Coefficienls.     Thcort'lical    juslifieation    and    limitations    of    the 
D'L  formula. 
Valui'S  (if  flux  lii^nsity,  ampore-coinJiictors  ptr  eeritimuUT  of  periphery, 

and  currunl  density  in  actual  machines. 
(liiuT.-i!  study  of  the  best  utilization  of  active  iron  and  copper, 
lilcmcnts  of  cost  of  machinery. 
Il'-uling  and    Ve'ililiiHoii  vj  Machinery.     Tluw  of  hc:it  alony  .-ind  across 
laminations,    alon^    copyor    condurtor^,    acrois    slot    insulation, 
tl.ruui;h  thick  held  toils,  vti.-. 
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Effect  of  compensating  windings  on  performance. 

Study  of  brushes. 

Proposed  formulas  and  theories  of  commutation,  a  critical  review  of. 

Approximate  methods  of  integration  of  the  differential  equations  of 
commutation. 
Mechanical  Construction  and  Stresses  in  High-Speed  Machinery.  Sup- 
port of  armature  coils;  dovetail  stresses;  vibration  of  shaft;  stray 
currents  in  shafts;  fastening  of  field  coils;  high-speed  commutator; 
stresses  in  stationary  frame;  eccentric  rotor. 
Armature  Reaction  and  Inductance.     Armature  reaction  in  d-c.  machines. 

Armature  reaction  in  polyphase  and  in  single-phase  alternators. 

Proposed  methods  for  compounding  alternators. 

Exact  theory  of  armature  reaction  and  practical  approximations. 

Leakage  inductance  of  windings,  and  the  separation  of  slot  leakage, 
end-connection  leakage,  etc. 

Theoretical  predetermination  of  leakage  inductance. 

Trarfsient  condition  during  short-circuit. 

Hunting. 
Polyphase  Induction  Motor.     Proposed  methods  for  speed  regulation. 

Performance  characteristics  and  circle  diagram  above  synchronism. 

Predetermination  of  power  factor  from  design  data. 

Magnetic  leakage  and  its  components. 

Exact  circle  diagrams  of  performance. 

Magnetizing  effect  of  distributed  windings. 

Experimental  separation  of  losses. 

Methods  for  accurate  determination  of  slip. 
Single-Phase  Induction  Motor.     Proposed  methods  of  starting. 

Rating  of  the  same  frame  for  one,  two,  and  three-phase  windings. 

Design  of  a  single-phase  induction  motor. 

Experimental  and  theoretical  investigation  of  the  elliptical  revolving 
field. 

Circle  diagram  of  a  single-phase  induction  motor. 
Single-Phase  and  Polyphase  Commutator    Motors.     History    of    develop- 
ment. 

Classification  of  types. 

Means  employed  for  improvement  of  commutation. 

Performance  diagrams  of  the  principal  types  of  commutator  motors. 

Comparison   from   the  i)oint   of   view  of  specd-torquc  characteristics. 

Comparison  from  the  point  of  view  of  commutation. 

Experimental  study  of  a  commutator  motor. 

General  principles  of  design. 

Complete  design  of  a  single-phase  railway  motor. 

Design  and  construction  of  a  working  model,  imitating  the  electrical 
relations  in  a  commutator  motor. 

Phase  adjusters  for  improving  power  factor. 
General  Design.     Factors  to  be  considered  in  the  design  of  a  new  line  of 
machines. 

Critical  comparison  of  procedure  used  by  various  authors. 

M.  m.  f.  required  for  the  active  layer. 

Design  of  a  line  of  small  machines  for  manufacture  in  large  quantities. 
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f^y-til  '4  a  factory  for  productiaa  of  a  given  line  at  electrical  ma- 

Im^ftememli  in  Utth«di  «f  Tttlini.  Critical  study  of  metbods for mems- 
tirinit  trtnpcratitre,  rore  loss  and  the  separation  of  hvsteresis  from 
^Ay  currenl. 

MMtturemeni  of  friction  and  windage. 

Keuitancv   measurements. 

Mtrthodt  ■>f  loading  a  machine  by  ineana  of  circulating  potcer  (pumpins 
hack   methods  I 

Mea.ture[nent  of  speed,  slip  and  acceleration. 

Load  lo&^s  in  single-phasc  alternators. 
Sptctai  Types  of  EteclrUal  Machinery.     Homopulai'  generator,  teductii 
of  brush  friction,  incieaw  in  speed, 

0>n!  tan  I -current  machine  for  operating  large  arc  prujeclors. 

Train-lighting  generator  ^iriven  from  car-axle. 

Automobile  starting  motor  and  lighting  generator. 

MagnelDs  for  ignition. 

Synchronous  motor  with  high  starting  torque. 

Eleoric  variable -speed  drive  for  automobiles. 

High -frequency  alternator  for  radio  work. 

Mo  tor- generator  set  for  intermittent  load  with  energy  stored  in  a  fly- 
wheel, such  as  are  used  in  steel  mill  and  mine-hoist  work- 
Combination  of  an  induction  motor  and  a  polyphase  commutalot  motor. 

Motor-converter  consistirig  of  an  induction  moior  and  a  d-c.  generator 

stationary   field   and   armature   and   revolving   brushes.        Thury 
high-tension  d 
Battery  boosters  a 


age  Reailance.      E'fperimtntal   invL-ligalioEi   o(   ihc  influence  of  ar- 

ranstmcnt  an.l  shape  ol  coJb, 
leorelical   formulas   derived   from   the   equations  of  electromagnetic 

field, 
duence  of  unequal  di-.tributif,n  of  Lurrcnt  in  h.rKO  Lonductors. 
ternal  v^,  external  reaclance  for  safety  of  largt  systems  during  short- 


r  Relations.     'I'he  hf^l 


H'.n-e-fnrm.     Effect  upon  the 
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Analysis  of  currents  and  voltages  in  T  and  in  V  connections. 
Doubling  the  frequency  by  means  of  two  transformers. 
Electrostatic  Stresses  and  potential  gradient  in  and  around  bushings,  ter- 
minals, between  coils,  etc. 
Extra  stresses  due  to  transient  conditions. 
See  also  the  section  on  Dielectrics. 

Power  Plant  Design  and  Economics 

Standardization  of  electrical  equipment  for  smaller    plants. 

Elements  of  first  cost  and  of  operating  expenses. 

Rational  methods  of  charging  for  energy. 

Forms  and  blanks  for  accounting. 

Safety  appliances,  emergency  devices,  labor-saving  apparatus. 

Parallel  operation  of  power  plants. 

Division  of  load  between  a  steam  and  a  water  power  plant. 

Uses  of  storage  battery. 

Automatic  substations. 

Transmission  Lines  and  Cables 

Mechanical  stresses  in  towers  and  in  conductors;  influence  of  tempera- 
ture. 

Skin  effect  in  copper  covered  and  steel  wire  and  in  stranded  cable. 

Interference  between  power  and  telephone  lines;  theory,  calculation  of 
induced  currents,  experimental  investigation,  methods  for  reducing 
interference;  the  general  problem  of  transposition. 

Locating  faults  with  the  line  energized  or  dead. 

Protection  against  grounds  and  short-circuits,  sectionalization,  relays. 

Actual  experience  with  lightning  and  possible  conclusions. 

Various  types  of  protection  against  lightning. 

Theory  of  the  ground  wire. 

Current  and  voltage  relations  in  lines  with  distributed  properties. 

Standing  and  traveling  waves;  surges  and  protection  against  them. 

Experimental  mechanical  apparatus  imitating  electric  waves. 

Transient  electric  phenomena  studied  experimentally  and  theoretically. 

Kelvin's  law  of  economy  and  its  various  practical  applications. 

Computation  of  electrostatic  capacity  and  stresses  of  cables. 

Reduction  of  capacity  in  telephone  cables. 

Propagation  of  signals  in  submarine  cables. 

Electric   Traction 

General  Projects.     Design  of  a  high-speed  underground  road  for  a  large 
American  city. 
Design  of  an  elevated  road  for  local  and  express  trains. 
Electrification  of  a  large  steam  railroad  center. 
Electrification  of  a  mountain  division  of  a  steam  railroad. 
Gasoline-electric  and  straight  gasoline  cars  for  light  traffic. 
Storage-battery  car. 
Trackless  trolley  car. 
Competition  of  the  motor  bus  and  of  the  "  jitney  "  with  city,  suburban, 
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The  electric  truck. 

The  electric  passenger  vehicle. 

The  dual  power  car. 

Electric  traction  of  boats  on  a  ship  canal. 

Design  and  organization  of  repair  shops  for  a  large  electric- rail  way 
system. 
Tracks   Trolley^  Signals.     Standardization  of  the  materials,  and  of  the 
methods  of  operation  and  maintenance. 

Rail  corrugation. 

Continuous  rail,  electric  welding,  thermit  welding. 

Bond  testers. 

Stray  currents  and  prevention  of  electrolysis. 

Overhead  construction  in  various  classes  of  service. 

Mechanical  stresses  in  trolley  wire,  in  messenger  cables,  and  in  the  sup- 
porting structures;  the  problem  of  support  on  curves. 

The  surface-contact  system. 

Sectionalization  of  trolley  circuits  in  freight  yards,  in  large  passenger 
terminals,  etc. 

Automatic  switching. 

Automatic  signals. 

The  problem  of  safe  and  quick  dispatching  of  high-speed  roads. 
Rolling  Stock.     Quick  and  accurate  predetermination  of  time-speed  curves. 

Design  of  an  apparatus  for  automatic  tracing  of  time-speed  curves. 

Resistance  to  motion  of  single  cars  and  trains. 

Special  equipment  of  an  electric  car  or  locomotive  for  various  tests  and 
experiments. 

Single-phase  locomotive  with  an  electro-dynamic  converter  or  with  a 
mercury-vapor  rectifier. 

The  possibilities  and  limitations  of  high-tension  direct-current  traction. 

Recuperation  of  power  on  electric  roads. 

Control  of  high  voltages  or  of  heavy  currents  in  an  electric  locomotive. 

Various  types  of  drive;  gears,  side-rods,  direct  drive. 

Electrically  controlled  air  brakes  for  high-speed  roads. 

Electric  Lighting* 

Light  sources:  proposed  standards;  new  types  of  electric  lamps;  posi- 
tion and  shai)e  of  filaments,  temi)erature  of  operation;  color 
characteristics,  and  effects;  design  for  si)ccial  purposes;  operating 
mechanisms. 

Lighting  accessories;  optical  properties  of  diffusing  and  reflecting  media; 
globes,  shades,  and  reflectors  for  special  purposes;  *'  daylight  " 
glass;  means  for  eliminating  glare. 

Visual  photometry;  sensibility  of  photometers;  size  of  photometric 
field;  errors  due  to  instruments;  ern^rs  due  to  operator;  effect  of 
color  sensibility  of  observer;  recording  devices;  calibrating  devices; 
integrating  i)hotometers;  flicker  photometers;  standardization  of 
absorbing  solutions;  means  for  eliminating  color  differences; 
standardization  of  conditions  of  measurement. 


•Contributed  by  Professor  P.  K.  Richtmyer. 
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Physical  photometry:  the  selenium  cell;  the  photoelectric  cell;  the  bolo- 
meter; the  thermopile;  absorbing  solutions;  photographic  methods; 
other  chemical  methods;  new  methods. 

Studies  in  illumination:  Survey  and  criticism  of  present  conditions  in 
various  types  interiors,  in  streets,  etc.;  intensity  and  type  of  il- 
lumination necessary  for  various  purposes;  eye  fatigue  and  visual 
acuity  as  dependent  on  intensity  of  illumination,  color,  and  system 
used;  design  of  systems  of  illumination;  illumination  calculations. 

Terminology    of    illuminating    engineering. 

Relation  of  art,  architecture,  physiology,  and  psychology  to  illuminating 
engineering. 

Application  of  Electric  Motors* 

Industries.  Agriculture,  automobile,  bakeries,  boiler  works,  bottling 
works,  box  factories,  breweries,  brick  factories,  broom  factories, 
building  construction,  candy  factories,  carpet  and  rug  factories, 
cement,  clothing,  corn  mills,  cotton  mills,  cotton  oil  seed  mills, 
creameries,  dairies,  dye  works,  flour  mills,  foundries,  freight  hand- 
ling, glass  factories,  glove  factories,  hardware  manufacture,  har- 
ness factories,  ice  machines,  irrigation,  knitting  factories,  laundries, 
lumber  mills,  machine  shops,  paper  box  factories,  paper  and  pulp 
mills,  piano  factories,  pipe  mills,  planing  mills,  porcelain  factories, 
railways,  refrigeration,  rubVjer  industry,  shoe  factories,  shoe  re- 
pairing, soap  factories,  spice  factories,  steel  mills,  stone  quarries, 
stove  factories,  sugar  industry,  tanneries,  textile  mills,  tile  factories, 
tobacco  factories,  trunk  factories,  wagon  factories,  wall  paper 
factories,  woodworking  factories,  woolen  and  worsted  mills. 

Classes  of  Service.  Air  compressors,  blowers,  coal  cutters,  concrete  mix- 
ers, conveyors,  cranes,  crushers,  dental  appliances,  dredges,  ele- 
vators, exhausters,  fans,  hoists,  ice  cream  freezers,  lime  kilns,  locks, 
pumps,  printing  presses,  rock  drills,  sewing  machines,  ship  pro- 
pulsion, towing  machinery,  turn-tables,  v^acuum  cleaners,  vehicles, 
washing  machines. 

Measuring  Instri  ments  and  Methods 

General.     Study  of  characteristics,  errors,  cost  of  manufacture,  etc.  of  a 
given  type  of  meter. 
Development  of  a  new  tyi)c  to  meet  comi)etition  in  i)rice  or  to  avoid 

infringing  certain  patented  features. 
Design  of  a  complete  calibrating  equipinent  for  a  manufacturing  con- 
cern, an  operating  company,  a  testing  laboratory,  a  college,  etc. 

Special  instruments,  such  as  a  doul)le  tariff  meter,  a  ma.xiiniim-demand 
indicator,  a  volt-ampere  meter,  an  autcniiatic  synchronizer,  a 
phase  displacement  meter;  instruments,  for  recording  rapidly- 
fluctuating  currents  and  voltages,  etc. 

Instrument  transformers.  Design,  methods  of  calil:)ration,  errors,  exact 
theory,  vector  diagrams,  etc. 

Extra- Accurate  measurement  of  various  quantities  used  in  electrical  en- 
gineering,  viz.,   current,    voltage,    power,    resistance,    inductance, 

•Contributed  by  Mr.  D.  B.  Rushmore. 
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Dielectrics 

Experimental  study  of  various  insulating  materials  under  various  condi- 
tions of  service. 

Theory  of  dielectric  stresses  in  two  dimensions  by  means  of  conjugate 
functions. 

Experimental  investigation  of  distribution  of  an  electrostatic  field 
using  an  analogous  condition  of  flow  of  heat  or  electricity  through 
metal,  or  flow  of  water. 

Surface  resistivity. 

Design  of  high-tension  insulators,  bushings,  transformer  insulation,  etc. 

Reliability  of  spark  gaps  of  various  shapes. 

Measurement  of  extra-high  voltages. 

Design  and  construction  of  a  transformer  for  testing  purposes. 

Study  of  insulating  oils;  development  of  a  practical  and  reliable  test. 

Compressed  gas  as  electric  insulation. 

Miscellaneous  Problems 

Agriculture,  electricity  in. 

Amplifiers  for  weak  currents  and  voltages. 

Arc  phenomena. 

Automobile  starting,  lighting,  ignition. 

Atmospheric  electricity,  oscillograph  study  by  means  of  an  antenna. 

Circuit  breakers. 

Electromagnets. 

Farm  lighting  and  power. 

Fixation  of  atmospheric  nitrogen. 

Fuses. 

Heating  and  cooking;  heat  accumulators;  high-resistivity  alloys; 
temperature  control;  insulation. 

Magnetic  separation  of  iron  ores. 

Marine  applications  of  electricity;  electric  drive  of  an  ocean  steamer. 

Pictures,  transmission  of,  by  electricity. 

Precipitation  of  suspended  matter;  smoke  abatement. 

Rectifiers,  aluminum,  cathode  ray,  mercury,  revolving,  vibrating 
contact. 

Safety  rules,  standardization  rules,  and  standard  specifications  of 
various  associations  in  this  country  and  abroad;  a  critical  com- 
parison. 

Submarine  signaling. 

Thermo-electricity,  generation  directly  from  fuel. 

Telegraphy,  rapid,  multiplex,  submarine  with  alternating  currents. 

Telephone  apparatus  for  the  deaf. 

Telephone  transmitters  of  great  power;  sensitive  telephone  receivers 
and  relays,  phantom  circuits. 

Water  purification  by  electricity. 

Welding,  electric. 

APPENDIX 

In  connection  with  the  suggestion  that  the  A.  I.  E.  E.  should 
encourage  systematic  research  under  the  aus[)ices  of  its  Educa- 
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tional  Committee,  the  follo\^nng  description  of  the  organization 
and  work  of  the  Research  Committee  of  the  A.  S.  M.  E.  is  given 
by  Mr.  R.  J.  S.  Pigott,  a  member  of  the  committee. 

The  object  of  the  Research  Committee  is  to  promote  the  investigation 
of  phenomena,  operations,  or  results  of  experiments  concerning  funda- 
mental laws  on  which  engineering  practise  is  based,  and  to  place  stich  data 
in  permanent  and  basic  form.  The  general  committee  meets  at  stated 
intervals  to  cr»nsider  suggested  research  subjects  and  to  appoint  sub- 
committees to  do  the  actual  work  of  research.  Generally,  the  chairman 
of  the  sub-ccmmittee  is  a  member  of  the  general  committee,  but  not 
necessarily  so.  The  present  sub-committees  are  those  on  fuel  oil,  ttia- 
tenals  of  electrical  engineering,  safety  valves,  worm  gears,  lubrication, 
clinkering  of  coal,  ste*am  flow  meters,  laborator>'  systems  and  methods; 
and  a  cc-mmittee  on  investigation  of  machine  tools  is  under  consideration. 

The  chairman  and  members  of  the  sub-committee  either  carry  on 
research  in  their  particular  field,  themselves,  by  cooperation  with  manu- 
facturers, or  else  have  the  work  done  by  an  interested  manufacturer. 
In  general,  the  expense  of  the  research  is  borne,  therefore,  by  the  interested 
]»arties  and  not  by  the  society. 

Up  to  the  present  time  the  committee  has  not  presented  any  final 
re]>orts,  I'ut  the  work  on  worm  gearing  is  well  under  way,  and  also  that 
on  steam  flow  meters.    As  research  wt-rk  is  usually  lengthy,  final  reports 
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Discussion  on  Suggestions  for  Electrical  Research  in 
Engineering  Colleges"  (Karapetoff),  Cleveland, 
Ohio.  June  30,  1916. 

J.  B.  Whitehead:  There  is  truth  in  what  Prof.  Karapetoff 
has  to  say  about  the  products  of  research  from  Germany  and 
England.  I  do  not  know  that  it  is  quite  as  definite  as  he  would 
imply,  but  I  have  in  mind  the  character  and  form  of  the  publica- 
tion of  the  results  of  research  as  given  in  the  German  and  Eng- 
lish periodicals;  and  the  publications  of  the  German  and  Eng- 
lish engineering  societies,  I  think  are  superior  to  those  of  our 
own.  I  would  make  a  plea  here  for  a  more  careful  editing  of  the 
publications  of  our  American  research.  Certainly  a  comparison, 
particularly  of  the  German  publications,  with  our  own  will, 
I  think,  indicate  that  there  is  truth  in  what  I  say,  namely,  that 
these  publications  are  better  prepared.  The  precautions  that  are 
taken  in  experimental  work  are  better  described,  and  more 
effort  is  made,  and  I  suppose  more  careful  editing  accompanies 
the  publication  of  the  results  of  experiments  abroad. 

As  regards  the  special  fields  of  investigation  in  different 
universities  and  colleges  as  related  to  their  particular  equipment, 
I  do  not  believe  that  is  a  practical  suggestion.  I  think  that 
research  is  a  question  of  men  and  minds,  more  than  it  is  of 
equipment  and  location.  I  do,  however,  believe  that  continu- 
ation of  a  particular  subject  that  has  once  been  started  is  a 
most  prolific  and  valuable  principle  to  have  in  mind.  It  is  one, 
fortunately,  which  results  naturally  in  the  course  of  events — 
when  a  particular  line  of  research  develops  and  a  mature  student 
or  a  professor  is  conducting  research,  it  is  most  natural  that  he 
should  invoke  the  assistance  of  the  younger  men,  and  the  younger 
men's  interest  is  at  once  attracted,  and  so  the  work  continues 
naturally.     This  condition  obtains  in  many  places  now. 

I  believe  that  the  suggestion  of  prizes  for  investigations  is 
a  very  good  one.  We  have  a  number  of  prizes  in  this  country 
now  for  conspicuously  valuable  results  of  research,  but  they  are, 
I  think,  usually  given  as  rewards  for  completed  efforts,  for  more 
mature  work.  I  believe  the  offering  of  prizes  for  work  done  by 
young  men,  perhaps  before  they  leave  college,  would  be  a  very 
valuable  incentive. 

The  suggestion  of  a  Research  Committee  is  not  a  new  one. 
I  had  in  my  hand  before  I  left  my  office,  and  expected  to  bring 
with  me,  a  small  pink  leaflet  that  perhaps  some  of  thovse  present 
will  remember.  It  was  headed  "Committee  on  Cooperative 
Research,"  and  I  think  the  date  was  1903  or  1904.  That  leaflet 
sets  forth  a  number  of  subjects  from  which  in  the  minds  of  the 
Committee  profitable  results  might  be  obtained.  I  was  interested 
to  find  that  a  nimiber  of  the  subjects  which  were  suggested  in 
that  comparatively  short  list  are  still  to  be  found  in  Prof.  Karape- 
toff's  list. 

I  do  not  think  that  the  list  of  subjects,  such  as  given  by  Prof. 
Karapetoff,  goes  very  far  in  helping  the  investigator  on  his  way. 
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l^lhlila  tfir  •lit'ty  lui'l  f'lr  mnestigatton  are  not  difficult  to  point 
I'tif  I  liMVfc  (lAxnA  m  mr  relation  to  this  subject  that  it  k  far 
Mi<->t-  Nit|.<.riiini:.  not  onlv  t<^  suggest  the  subject,  but  to  ootfine 
M.t.  4l»<i<  k  li  u  atmcMt  alwa>-s  indispensable  that  this  should 
t.f.  <\i-i^.  'it.uuMuly.  an  investigation  cannot  be  attacked  in 
4ii^  lUiuMiiti  without  a  complete  survey  of  the  literature  and 
ii.t:  «*.«)>  wt.irh  fias  already  been  done.  It  is  not  possible, 
i.'.*<;'(ef  f .  rntruKl  to  a  young  investigator  a  study  of  the  htera- 
i..ir.  Ar,(t  111  leave  bim  to  work  out  the  Unes  of  his  attack.  You 
i.iti,  jrf/i(tt  'Alt  the  literature  to  a  student  and  tcU  him  where  to 
/'.  .:'■  f,j  ,:'  f,<;  'an  make  asiin-cj-  ol  the  whole  field,  but  even  then 
t.*:  'if,;  l;/>r4i  it,  His  judgment  is  not  sufSciently  matured 
I/, ';f.iit  ■  rr,  u.  decide  which  are  the  contributions  roost '.■aluable 
p>,  ii.r.  ,,i,r.:'-ular  line  of  attack  he  has  in  mind.  I  have  found 
«.rj/.K  Uj  my  diwiirmifort  that  it  is  the  duty  of  one  irho  is  atlempt- 
ifi^  Ui  iM[rire  research  work  to  go  much  further  than  to  simply 
-"iCK'^i  ^^^  lubject  It  is  almost  invariably  a  case  of  outlining 
f.i.^.  a[*[.ira"a-s  and  the  equipment,  and  generally  also  ordering  it. 

Alan  E.  Flowers:  [  think  a  great  many  colleges  have  made 
'iv:  'if  1  ■  if  thesis  subjects,  such  as  are  submitted  here,  possibly 
r.'.t.  vi  J'  n;;  txiS-sibly  more  varied  tn  s^.ime  cases.  Such  a  list 
f.a%  ■■•:Ty  Kfi-LTally  been  found  to  be  \en.-  useful  as  a  starting 
;<'-int,  and  nothing  that  I  say  later  should  be  constiued  as  op- 
;/'/y;d  to  the  idea  of  having  such  lists,  but  it  is  certainly  true,  as 
iT'-f  Whitehead  has  just  said,  that  the  most  important  thing 
:■;  *,r.at  the  list  should  be  supplemented  by  pcrsc^nal  inter\iew 
ar.'i  hy  a  considerable  amount  of  suggestion  and  in  some  cases  of 
;.',-,",ru'.'!'jn. 

I  HTT.  als'j  vtry  much  interested  in  the  idea  which  is  advanced 
;r.  ',h':  ;ia:.i.T.  of  i^'ivin^  prizes  for  research  work.  It  has  always 
h':':ri  a  matter  '■{  ^rtat  re>;ret  to  me  that  the  original  plan  for 
*.;.';  K'i:.-on  .Medal  was  not  so  arranged  that  the  medal  would 
},':  rr.ade  available,  in  some  measure  at  least,  for  worthy  under- 
;'ra'li;a"-e  the-es.  .As  I  remember  the  conditions,  there  was  a 
"T'.air,  a.-i-  limit,  and  in  addition  it  was  provided  that  the 
\':.':--:-  -hould  1-e  entirely  the  work  of  one  man.  In  nine  theses 
'.■i\  of  iin.  Uie  the-i-  i-  the  pr'iduct  i''l  two  wurkers.  There  are 
"■v^ral  n-a-oii-  for  this  One  ui  them  is  the  necexsity  in  a  great 
rnan:  la-e.-,  particularly  the  ta-e  of  experiinenlal  theses,  for 
:,■,■.■',  ol.ser'.er-,  and  as  it  is  out  of  the  question  for  a  student  to 
hire  his  observer,  he  must  have  a  co-worker.  This  provision 
eliminated  most  of  the  theses  of  any  value. 

I  think  the  conditions  for  such  prices  could  readily  be  changed 
so  as  to  greatly  stimulate  e\ijeriniental  research  work  in  the  case 
of  the  nnder;!radiiate,  and  I  rather  think  that  there  is  some  need 
for  su'h  stimulation,  hecan.se  the  student  who  conducts  an  experi- 
mental research  thesis  is  greatly  hanilicapijin;,'  himself  as  com- 
pared with  the  student  who  cnnduets  almost  an>-  other  type  of 
thesis,  lie  is  \ery  sure  to  jiut  in  mnre  time  on  the  work;  he  is 
very  sure  to  have  more  worry:   and  he  is  very  unsure  to  get  re- 
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suits  that  will  satisfy  anybody.  Anything  within  reason  that 
can  be  done  to  encourage  and  help  the  experimental  thesis  is, 
in  my  opinion,  worth  while  doing. 

I  am  quite  sure  that,  however  much  I  would  object  to  an  educa- 
tional committee  or  a  research  committee  defining  what  subjects 
certain  places  should  take,  there  is  a  great  good  to  be  obtained 
by  getting  major  lines  started  at  particular  places  and  endeavor- 
ing to  make  it  possible  to  continue  that  line  of  work  at  that 
place. 

The  reason  I  object  to  the  scheme  of  fastening  research 
subjects  on  places,  is  that  I  believe  the  most  important  thing  is 
to  keep  the  door  wide  open  for  a  large  number  of  individual 
suggestions.  Whenever  we  begin  to  use  the  fixed  method,  what 
might  be  called  the  autocratic  method,  it  seems  to  me  we  are 
killing  off  the  most  valuable  and  the  most  useful  of  the  possi- 
bilities, that  is,  the  origination  of  ideas,  the  origination  of  sub- 
jects, the  carrying  on  of  individual  work  and  the  encouragement 
of  originality. 

Scholarships  would  help,  to  a  certain  extent  and  possibly 
the  most  useful  thing  would  be  something  in  the  nature  of  indus- 
trial scholarships,  made  available,  not  for  the  undergraduate,  but 
for  the  graduate  student.  The  undergraduate  student  who  shows 
ability  in  research  and  has  originality,  would  be  encouraged 
by  the  prize  and  he  might  then  very  easily  be  led  on  to  the  post- 
graduate work  of  great  value. 

I  think  that  great  good  might  come  to  the  Institute  from  a 
Research  Committee.  I  am  a  member  of  the  Research  Committee 
of  the  American  Society  of  Mechanical  Engineers,  and  I  have 
been  very  greatly  impressed  by  the  possibilities  of  that  com- 
mittee's work. 

I  feel  it  would  be  hardly  right,  however,  to  leav^e  this  subject 
without  saying  one  more  word  about  "prizes"  I  mean  by  that, 
compensation.  I  am  afraid  that  at  the  present  time  there  has 
come  into  existence  the  idea  that  in  research  "virtue  is  its  own 
reward."  So  far  as  I  can  see,  the  relations  between  compensa- 
tion in  research  work  and  compensations  for  other  kinds  of 
work  is  very  much  to  the  detriment  of  the  research  worker, 
whether  he  be  working  in  pure  science  or  applied  science.  That 
seems  to  me  a  fundamentally  wrong  condition,  and  I  think  it 
ought  not  to  pass  unnoticed.  It  is  not  only  a  question  of  the 
right  of  the  thing,  but  also  a  question  of  the  amount  of  work 
that  might  be  done.  It  is  a  question  of  the  encouragement  of 
additional  work.  I  have  long  had  the  feeling  that  there  ought 
to  be  some  special  form  of  compensation,  besides  whatever 
there  may  be  in  the  way  of  salary,  whatever  there  may  be  in 
the  way  of  reputation,  that  will  come  to  the  worker  for  each 
particular  thing  which  he  brings  out.  I  see  no  reason  why,  a 
research  worker,  who  reaches  results  of  value,  and  allows 
them  to  be  put  on  the  market,  should  not  get  royalties,  should 
not  have  the  sort  of  thing    granted  an  independent  invention. 
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Tht  larjie  ifitnijanies  ought  to  give  serious  consideration  to 
(irantiriK  »«Jiiit'  sjjecial  royalty  or  lump  payment  for  each  inven- 
lifjn  <levoInf)cd  by  one  of  their  workers, 

C.  E.  Skinner:  My  attitude  toward  this  subject  is  probably 
(juitc  different  from  that  of  the  man  in  the  university,  as  my 
whok-  experience  has  been  in  connection  with  a  large  corporation. 
I  have  many  times  been  asked  by  university  men  to  suggest 
subjci  tv  f'lr  research  work.  I  find  it  a  very  difficult  thing  to  do, 
becati-o  it  is  hard  to  outline  the  surrounding  conditions  to  the 
man  undertaking  the  research.  One  does  not  always  know  the 
facilities  at  his  command,  and  the  large  corporation  is,  as  we 
all  know,  whether  you  are  inside  or  outside,  somewhat  jealous 
of  the  information  leading  to  new  things. 

I  think  that  some  of  the  cautions,  some  of  the  advice,  given 
by  Prof.  Karapetoff  are  very  good  indeed,  and  I  am  not  sure  that 
some  of  his  subjects,  shown  in  the  list,  are  not  too  large,  I  fre- 
quently tell  my  associates  that  no  matter  what  a  subject  is,  no 
matter  how  small  it  seems  to  be.  if  one  goes  into  it  completely — 
going  into  literature  the  first,  which  should  always  be  done, 
going  into  ihc  investigation  with  a  view  to  finding  out  about 
all  that  can  be  found  out  about  a  i>articular  thing — the  subject 
will  grow  and  the  interest  will  grow. 

It  very  often  happens  that  the  by-product  of  the  research 
is  of  far  greater  value  than  the  direct  result,  A  research  may  be 
cntirdy  successful  when  it  proves  that  the  object  sought  cannot 
be  attained.  It  is  very  hard  for  young  men,  particularly,  to 
get  that  viewpoint,  that  the  proof  that  a  certain  thing  cannot 
be  done  in  the  way  he  had  an  idea  it  could  be  done  is  of  as  much 
value,  jicrhaps,  as  the  doing  of  the  thing  he  sought.  It  practi- 
calh'  always  Iransjiircs  that  in  the  case  of  doing  research  of  that 
kind  iIktc  arc  some  by-products  which  are  extremely  valuable 
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might  be  interested.     There  is  a  germ  of  thought  there  for  us, 
that  some  sort  of  co-operation  is  desirable. 

It  is  not  easy  for  the  industrial  corporations  to  line  up  on  this 
matter  of  research,  on  account  of  the  fact  that  most  industrial 
corporations  in  this  country  depend  for  their  business  on  the 
protection  given  by  patents.  Patent  protection,  as  we  all  know, 
is  a  difficult  enough  matter  as  it  now  stands,  without  having 
the  added  difficulty  of  the  suggestion  proposed,  that  is,  the  re- 
search being  made  by  the  corporation,  andthen  the  idea  developed, 
patented  by  some  one  outside,  with  no  control  by  the  corpora- 
tion resulting.  If  our  business  is  founded  on  patent  protection, 
then  we  must  have  control,  and  while  the  work  of  the  university 
can  be  of  great  assistance,  it  is  difficult  to  tie  that  up  in  a  satis- 
factory way  with  the  control  that  must  be  had  by  the  industrial 
corporation. 

I  have  stated  on  a  number  of  occasions,  that  it  was  a  shame 
to  have  the  equipment  which  is  possessed  by  many  of  the  uni- 
versities, idle  three  hundred  and  sixty  out  of  the  three  hundred 
and  sixty-five  days  of  the  year,  when  many  companies  would 
have  been  glad,  if  they  could  get  possession  of  that  equipment, 
to  use  it  three  hundred  days  in  the  year  and  make  it  efficient. 
It  is  too  much  like  the  farm  machinery  which  is  used,  for,  let 
us  say,  one  week  of  the  year,  and  the  rest  of  the  year  it  stands 
out  in  the  weather.  There  is  any  quantity  of  such  equipment 
in  the  technical  universities  of  the  country  which  ought  to  be 
efficiently  used  and  used  throughout  the  greater  part  of  the  year. 
Just  what  arrangement  can  be  made  for  accomplishing  this  de- 
sirable result  of  cooperation  between  the  corporation,  which  must 
use  the  results,  and  the  individual  research  worker,  either  under- 
graduate or  post-graduate,  I  am  not  sure.  I  have  vyorked  out 
a  few  individual  cases,  but  more  with  a  view  of  training  research 
men  than  any  hope  that  the  work  in  the  school  would  be  very 
productive,  so  far  as  actual  researches  were  concerned.  As  a 
training  for  research  men,  it  has  proven  very  valuable. 

F.  C.  Caldwell:  It  does  seem  that  some  kind  of  co-operation 
between  the  various  engineering  colleges  where  thesis  work, 
both  undergraduate  and  graduate,  is  being  done,  would  be  very 
desirable.  We  must  all  feel  the  lack  of  effectiveness  that  we 
experience  in  connection  with  much  of  this  work.  Along  the 
line  of  what  Mr.  Skinner  has  said,  we  have  to  remember  that  the 
primary  object  of  undergraduate  research,  is  not  the  production 
of  valuable  results,  but  the  training  of  men,  who  are  largely 
beginners,  so  far  as  this  kind  of  work  is  concerned. 

What  is  needed  is  some  kind  of  clearing  house  between  the 
various  institutions  to  help  in  avoiding  unnecessary  duplication 
of  work.  In  some  cases,  especially  with  undergraduate  work, 
recognized  duplication  is  a  good  thing,  on  account  of  the  checking 
of  the  results  obtained.  This  also  would  be  facilitated  by  such 
an  arrangement. 

One  other  point  is  perhaps  suggested  in  one  of  Professor 
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six  months  and  use  them  in  the  laboratory.  I  have  had  many 
illimiinating  experiences.  I  got  far  enough  in  this  work  to  be 
able  to  tell,  with  a  fair  degree  of  certainty,  where  a  man  came 
from  simply  by  watching  how  he  went  at  his  work.  One  illus- 
tration— three  men  were  independently  given  a  problem,  and  I 
was  unable  to  see  them  again  for  two  days.  The  first  man  went 
to  the  University  library  where  he  combed  the  shelves  for  infor- 
mation on  the  subject.  It  happened  to  be  an  investigation  of  a 
new  type  of  protective  apparatus.  He  reported  that  he  was 
sorry  that  he  was  away  from  the  big  libraries  where  he  could 
consult  the  authorities.  (Incidently  there  were  no  authorities 
on  this  subject.)  The  second  man  was  of  a  mathematical  turn, 
and  he  sat  down  with  a  pencil  and  got  his  fundamental  equation 
started,  and  attempted  to  solve  the  problem  by  differential 
equations.  He  had  landed  at  the  point  where  he  had  an  expres- 
sion that  he  could  not  solve.  The  third  man  did  not  think 
about  looking  up  published  material,  and  tried  no  mathematics, 
but  he  went  into  the  shop  and  commenced  to  make  up  a  device 
to  try  out. 

Now,  of  these  three  men,  the  first  one  was  educated  in  Paris, 
and  like  the  French,  venerated  the  authorities  in  science.  That 
was  his  view-point.  The  second  man  was  educated  in  one  of 
our  best  eastern  colleges,  where  they  do  a  great  deal  of  still 
thinking  and  a  great  deal  of  mathematical  work,  and  although 
his  tastes,  as  I  found  subsequently,  were  such  as  to  allow  him 
to  do  experimental  work,  he  had  been  trained  to  immobile  think- 
ing. The  third  man  was  from  the  good  old  wooly  West  where 
they  have  not  formed  the  habit  of  looking  up  the  subject  or  refer- 
ring to  some  authority.  It  seems  to  me  that  "try  it"  is  the  funda- 
mental need  in  all  research  work. 

Some  time  ago  I  had  the  pleasure  of  giving  some  young  men 
a  chance  to  train  themselves  for  invention.  To  help  me  prove  my 
point,  I  found  that  as  soon  as  they  got  the  view-point  of  the  inven- 
tor they  could  invent  on  short  notice.  I  remember  one  instance, 
where  two  of  them  made  three  inventions  in  ten  minutes.  All 
of  these  inventions  did  not  ripen  into  patents,  but,  nevertheless, 
they  caught  the  view  point  and  invented. 

We  often  hear  discouraging  remarks  made  to  young  investiga- 
tors stating  that  they  are  beginning  to  investigate  before  they 
have  had  any  training.  It  is  a  great  mistake  to  assume  that  one 
must  be  familiar  with  current  scientific  facts  before  beginning 
to  investigate  independently — very  much  book  knowledge  is 
liable  to  be  an  overwhelming  handicap  and  a  damper  to  one's 
enthusiasm.  The  kindergarten  is  the  place  to  begin  inv^estigation 
and  invention.  The  work  of  Mari  Montesorri  is  one  of  the  best 
illustrations  of  this  theory.  If  her  methods  could  be  carried 
along  through  the  grammar  schools  and  the  colleges  the  scientific 
world  would  move  forward  in  leaps  and  bounds. 

In  the  university  world  I  know  of  one  professor  who.  I  think, 
has  the  proper  view-point  for  training  investigators.     Professor 
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>;fc^vov?  ^^?  Stanford  University  started  his  work,  and  is  still 
c^ -^--^  •:  oTi.  in  the  face  of  a  great  deal  of  opposition.  In  his 
X  i,.^  ..-  •>h\^ics  he  took  away  the  books  from  the  students  and 
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.v^^.  A  lot  of  simple  apparatus  to  work  with  and  set  them 
^^'^H"  vTitioisms  of  his  methods,  especially  by  the  engineering 
^N^^s^   tx-oro — I  can  characterize  them  in  one  expression — 
.    ;  \>\^rv^  A  l-'^araday,  I  could  get  something  out  of  that  course." 
tX<.i  -^^  A  j:n\*t  mistake.    Every  investigator  must  have  a  start. 
Xiw  ^HXMi  surprised  at  the  young  fellows  who  have  worked 
v.w^v  XX  ho  have  made  an  investigation,  gathered  their  data, 
'v^\  nv>(  knowing  what  to  do  with  it,  have  gone  to  some  book 
.'  ^  *>^  o\it  what  it  might  mean. 

V<  .5  <Ast  proof  that  my  theory  is  correct,  I  will  cite  the  case 
s  N'  hrthrtti  janitor  in  our  laboratory,  whom  I  set  to  work  on 
\  vN\^^\^\  work.  He  has  embarrassing  moments  with  his  arith- 
iswA  spelling,  but  nimble  fingers  and  an  active  mind  are 
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University,  is  to  get  men  to  do  library  research.  The  students 
all  want  to  do  experimental  research.  Prof.  Flowers  indicated 
that  he  had  some  difficulty  the  other  way.  I  feel,  however, 
there  is  a  great  field  for  university  research  along  that  line. 
As  has  been  pointed  out  in  the  paper  a  resume  of  the  various  lines 
of  thought  and  scientific  endeavor  would  be  very  useful,  and  this 
could   be  carried  on  by  the  universities. 

Practicing  engineers  could  co-operate  in  a  very  helpful  manner 
with  the  university  research  men  in  the  suggestion  of  subjects 
which  are  along  economic  or  other  lines  not  leading  to  invention. 
I  readily  appreciate  Dr.  Skinner's  statement  regarding  the  matter 
of  invention.  I  can  see  why  the  manufacturing  companies 
would  not  care  to  have  such  research  carried  on  in  the  univer- 
sities, but,  on  the  other  hand,  all  those  researches  which  do  not 
lead  to  invention  could  be  carried  on  in  co-operation  with  opera- 
ting companies,  and  I  think  a  great  deal  of  value  would  result 
from  it.  Further  the  research  work  in  this  country  would  be 
greatly  stimulated  if  we  had  a  little  better  cooperation  between 
the  parties  interested  in  such  work. 

C.  Francis  Harding:  I  wish  to  bring  up  one  or  two  points 
concerning  which  I  am,  to  some  extent,  in  opposition  to  the  author 
of  the  paper,  particularly  with  regard  to  the  question  of  prizes. 
I  do  not  believe  that  a  monetary  prize  or  any  other  prize  is 
going  to  develop  research  men  or  induce  them  to  take  up  re- 
search investigations  in  the  university.  I  think  possibly  that  some 
prestige,  some  honor,  which  might  be  conferred  on  such  a  man, 
possibly  some  recognition  by  the  Institute  such  as  the  publishing 
of  the  paper,  or  that  which  the  Engineering  .Society  of  Western 
Pennsylvania  offers  in  connection  with  its  thesis  investigations 
would  be  far  preferable  to  holding  out  a  prize  of  $25  or  $50, 
whatever  it  might  be,  for  the  man  who  would  carry  on  the  best 
research  investigation. The  latter  would  take  on  the  form  which 
the  university  degree  assumes  for  such  men  who  are  working  to 
get  the  sheepskin  only,  and  not  for  the  training  which  the  sheep- 
skin represents. 

I  do  not  believe,  to  take  up  another  question  treated  in  the 
paper,  that  it  is  necessary  for  the  Institute  or  any  other  body 
to  suggest  subjects.  Any  live  man  who  is  connected  with  a 
university,  talking  half  an  hour  with  an  engineer  of  a  manufactur- 
ing company,  or  of  a  public  utility  corporation,  can  find  readily 
a  large  number  of  subjects  which  are  available  and  worthy  of 
research  investigation,  and  which  his  institution  is  best  fitted 
to  undertake.  Such  may  have  either  a  practical  bearing, 
or  possibly  some  value  as  an  invention. 

I  feel  that  any  action  which  the  Institute  may  be  able  to  take 
such  as  appointing  a  Research  Committee  or  along  any  other 
line  which  will  lead  towards  further  co-operation  between  the 
universities  and  the  men  of  the  manufacturing  companies  and 
the  utilities  interested  in  research,  will  be  to  the  mutual  advantage 
of  the  student,  the  universities  and  ultimately  we  hope,  to  the 
manufacturing  companies  and  the  Institute  as  well. 
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N.  S.  Diamant:  We  may  disagree  with  Prof.  Karapetoff  as  to 
specific  suggestions  made  in  the  paper,  but  I  think  we  shall  all 
agree  that  it  is  high  time  that  universities  raise  their  standards 
of  scholarship  and  research  and  do  their  share  along  with  the 
industrial  corporations.  It  may  not  be  exaggerating  the  impor- 
tance of  the  subject  to  say  that  it  will  prove  a  national  calamity 
if  they  do  not. 

Research  is  not  something  as  mechanical  as  a  glance  at  the 
paper  may  suggest,  and  in  regard  to  it  we  may  well  refer  to 
President  Carty's  address  and  abide  by  his  advice  and  some  of 
his  suggestions. 

The  average  standard  of  scholarship  and  research  at  present 
is  very  low — considering  the  universities  all  over  the  country — 
and  the  author  seems  well  justified  in  using  the  expression 
* 'superficial  undergraduate  thesis"  with  emphasis  on  superficial. 

In  regard  to  the  quantity  and  quality  of  work  that  has  been 
done  so  far  in  the  United  States  and  in  Europe — ^as  I  would 
add  Switzerland,  France,  Belgium,  etc.,  to  the  countries  men- 
tioned by  the  author — I  am  afraid  both  Mr.  Whitehead  and 
Prof.  Karapetoff  are  right  in  their  comparison — the  European 
work  in  general  seems  to  be  more  thorough,  and  to  be  published 
in  a  more  scholarly  form,  not  only  from  a  technical  point  of  view 
but  literary  as  well. 

J.  J.  Carty:  The  distinction  which  I  made  in  my  pap>er  be- 
tween pure  scientific  research  and  industrial  research  is  a  dis- 
tinction which  I  think  should  be  borne  in  mind  all  of  the  time 
in  considering  questions  such  as  these.  I  have  frequently  heard 
during  the  discussion  here,  the  term  **research,"  employed  as 
though  it  meant  but  one  thing.  It  really  means  two  things. 
There  is  pure  scientific  research  and  industrial  scientific  research, 
and  the  necessity  for  this  distinction  is  well  illustrated  when  we 
come  to  discuss  the  ethics  of  publication  as  applied  to  the  two 
cases. 

Pure  scientific  research  is  conducted  for  the  purpose  of  extend- 
ing the  boundaries  of  knowledge  and  publication  is  one  of  the 
goals.  It  is  ethical  to  publish  these  results;  it  would  be  unethi^ 
not  to  do  so. 

When  it  comes  to  industrial  research  the  ethics  of  the  case 
are  different.  The  industrial  scientist  is  employed  by  a  manu- 
facturer or  other  client  to  make  a  scientific  investigation  at  his 
expense  and  for  his  benefit.  It  would  be  unethical  for  the  indus- 
trial scientific  research  worker  to  publish  the  results  of  his 
investigation  until  his  client  gives  him  permission  to  do  so; 
that  is,  until  the  client  has  determined  to  his  own  satisfaction 
that  he  will  not  be  injured  by  the  publication. 

There  is  no  obligation  whatever  upon  the  manufacturer  to 
give  out  to  his  competitors  scientific  information  obtained  at 
his  expense  and  for  his  benefit.  The  manufacturer  embodies  the 
results  of  his  scientific  investigations  in  practical  form  and 
benefits  the  public  through  the  improved  product  which  he  pro- 
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vides.  Almost  invariably,  however,  the  results  of  industrial 
scientific  investigation  are  published  in  due  course,  as  a  rule  this 
publication  being  in  the  form  of  an  issued  patent,  which  is  the 
method  adopted  by  our  form  of  government  to  take  the  place 
of  trade  secrets.  I  am  told,  however,  that  there  is  such  a  thing 
as  property  in  trade  secrets  and  if  you  will  read  the  remarkable 
paper  by  Mr.  Frederick  P.  Fish  on  **The  Ethics  of  Trade  Secrets,*' 
you  will  find  there  a  great  deal  of  interesting  and  curious  infor- 
mation upon  this  subject. 

The  question  as  to  whether  our  universities  or  technical 
schools  should  undertake  industrial  scientific  research  is  a  large 
one  which  is  now  being  carefully  studied  by  many  who  are  inter- 
ested in  the  subject.  It  is  certain  that  if  the  technical  schools 
are  to  carry  industrial  research  work  to  the  point  of  taking  prob- 
lems from  the  manufacturer  and  solving  them  for  pay,  the  manu- 
facturer will  insist  upon  a  contract  with  the  university  whereby 
the  publication  of  the  results  will  be  forbidden  until  such  time 
as  he  is  protected  by  issued  patents,  or  for  other  reasons  concludes 
that  his  interests  will  not  suffer  by  the  publication. 

I  do  not  wish  to  imply  that  there  is  no  place  for  industrial 
research  in  the  universities  or  technical  schools.  This  question 
is  now  being  seriously  studied.  I  hope  it  will  be  found  that  there 
will  be  a  great  deal  that  they  can  do.  I  hope  to  see  spring  up 
near  the  universities  large  industrial  research  laboratories  and 
if  it  is  found  that  they  can  be  successfully  associated  with  the 
universities,  all  the  better. 

In  any  event,  as  soon  as  our  manufacturers  have  awakened 
to  the  importance  of  industrial  scientific  research,  I  believe 
industrial  laboratories  will  spring  up  everywhere  and  that  the 
universities  and  technical  schools  will  find  it  difficult  to  graduate 
in  sufficient  numbers,  men  trained  in  the  rigorous  methods  of 
the  pure  scientist  to  carry  on  the  work  of  industrial  research. 

D.  H.  Braymer:  I  was  interested  in  the  remark  of  one  of  the 
speakers,  comparing  American  journals  with  foreign  journals. 
I  think  I  have  an  explanation.  It  is  hardest  to  obtain  the  results 
of  research  work  from  professors  and  univ^ersities  themselves. 
It  is  next  easiest  to  get  it  from  the  manufacturing  companies, 
and  it  is  easiest  of  all  to  get  it  from  the  research  departments 
of  the  operating  companies.  Operating  engineers  interested 
in  new  developments  are  always  glad  to  tell  what  they  have  done, 
why  they  have  done  it,  and  what  they  are  going  to  do.  I  can 
see  no  reason  why  there  should  not  be  the  same  attitude  toward 
a  publication  on  the  part  of  the  universitiesandthemanufacturers. 

A.  A.  Nims:  We  are  thinking  today  in  terms  of  the  nation  rather 
than  in  terms  of  the  individual.  Five  of  the  national  engineering 
societies  are  just  completing  an  important  step  in  the  prepared- 
ness program  upon  which  the  country  has  entered.  It  is,  there- 
fore, appropriate  and  significant  that  we  have  brought  to  our 
attention,  as  convincingly  as  Professor  Karapetoff  has  done, 
another  service  wherein  the  same  societies,  with  others,  can  ren- 
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der  effective  aid  in  furthering  that  larger  preparedness  for 
national  co-operation  of  which  military  readiness  should  be  an 
incidental  phase. 

Scientific  research  has  not  been  regarded  with  that  degree 
of  respect  by  those  who  might  devote  their  talents  to  it,  nor 
has  such  reliance  been  placed  upon  it  by  those  who  might  use  its 
results,  as  has  been  accorded  it  elsewhere.  The  writer  has  a 
distinct  recollection  of  the  distaste  and  dissatisfaction  with 
which  senior  thesis  was  regarded  at  the  engineering  college  from 
which  he  graduated.  The  fellows  looked  upon  thesis  work  as  "not 
practical,"  i.  e.  unrelated  to  the  work  they  expected  to  take  up 
after  graduation,  or  else  themselves  unfitted  to  accomplish 
results  commensurate  with  the  effort  expended.  Hence  the 
majority  of  them  considered  there  were  other  more  profitable 
uses  for  their  time,  and  since  senior  thesis  has  been  made  elective 
few  take  it. 

The  business  firms  that  are  able  to  maintain  adequate  equip- 
ments for  effective  research  are  vastly  outnumbered  by  those  who 
are  unable,  and  who  acquire  their  new  technical  information  by 
accident  or  by  appealing  to  some  outside  agency  for  the  solution 
of  special  pressing  problems.  Occasional,  unrelated  research, 
inspired  by  sporadic  inquiries,  is  more  expensive,  less  effective 
and  commands  less  confidence  than  well-organized,  well-directed, 
continued  effort.  The  economics  of  a  high  load-factor  applies 
to  a  plant  for  scientific  research  in  the  same  manner,  though  not 
to  the  same  degree,  that  it  does  to  a  plant  for  producing  electric 
energy. 

With  research  encouraged  and  coordinated  throughout  the 
country,  students  would  gradually  take  a  different  attitude 
toward  their  first  encounter  with  such  work.  Inquiries  on  various 
subjects  would  f)c  referred  to  the  best  authority,  securing  the 
most  reliable  information  in  the  shortest  time. 

It  is  quite  imssible  that  one  of  the  greater  and  more  lasting 
benefits  of  the  |)resent  commercial  activity  under  limited  sup- 
plies of  materials  may  lie  found  tn  lie  in  the  fact  that  it  opened 
our  eyes  U>  the  incomyilctcness  ut  imr  scifntitic  and  technical 
knowledge  and  compclleii  us  tn  lake  ■^v^tcmatic  means  to  extend 
it.  ft  is.  tlKTi'fori'.  greatly  lo  !ic  hn|)ed  that  Professor  Karapetoff's 
suggesliuns    may    leiui    to    ecmslrnetivo    aeiion    along    the    lines 

Alexander  Gray:     The  technical   press  i^.  mA  able  to  obtain 

are  nnt  Uirning  mii  good  sUilT.  Most  i>f  the  research  that  is 
started  is  never  completed  because  there  is  a  lack  of  men  of 
research  ability  and  because  the  men  available  are  not  properly- 
guided.  The  large  coriiorations  take  the  best  of  the  men  and 
some  of  those  that  are  left  become  teachers. 

The  nrii^iiial  work  doTie  in  most  of  our  schools  does  not  begin 
to  compare  uilh  tlial  done  by  the  manufacturing  companies 
and  it  is  not   because  of  lack  of  equipment.     What  we  need 
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rather  is  men  like  Kelvin  of  Glasgow,  Thomson  of  Cambridge 
and  Arnold  of  Karlsruhe  to  guide  our  graduate  schools,  but  such 
men  do  not  seem  to  develop  in  our  universities. 

One  of  the  speakers  considered  it  inadvisable  to  offer  prizes 
for  research.  I  have  seen  how  two  prizes  offered  to  engineers 
for  public  speaking  have  set  a  whole  senior  class  to  work  by 
giving  direction  to  its  thought. 

Prof.  Karapetoff  is  right  when  he  insists  on  the  schools  limit- 
ing themselves  to  one  or  two  subjects  rather  than  spreading 
their  energy  over  a  large  number  of  disconnected  subjects. 
Only  by  years  of  work  in  a  given  field  can  results  be  obtained 
that  are  of  great  value,  and  only  in  this  way  can  the  work  be 
carried  on  from  year  to  year  with  instructors  always  coming 
and  going. 


Presented  at  the  33d  Annual  Convention  of 
the  American  Institute  of  Electrical  Engineer s, 
Cleveland,  O..  June  30,  1916. 

Copyright  1916.     By  A.  I.  E.  E. 


TRACTIVE    RESISTANCES    TO    A    MOTOR    DELIVERY 
WAGON  ON  DIFFERENT     ROADS  AND  AT  DIFFERENT 

SPEEDS 


BY  A.  E.  KENNELLY  AND  O.  R.  SCHURIG 


Abstract  of   Paper 


In  this  paper  is  given  a  complete  report  on  an  investigation 
of  tractive  resistances  of  urban  roads  to  a  motor  delivery  wagon 
equipped  with  solid  rubber  tires.  The  "  tractive  resistance  " 
as  used  in  this  paper,  includes  still-air  resistance,  but  does  not  in- 
clude wind  resistance  and  the  resistances  internal  to  the  truck. 
The  test  truck  is  fully  described  with  its  driving  mechanism  and 
the  storage  battery  which  supplied  the  motive  power..  The 
investigation  involved  test  runs  over  definite  lengths  of  road, 
at  measured  truck  speeds,  to  determine  the  gross  battery  output 
during  these  runs;  and  laboratory  tests  to  determine  the  overall 
efficiency  of  the  truck  between  battery  terminals  and  rear-wheel 
treads  at  speeds  and  loads  corresponding  to  the  road  tests.  The 
results  included  in  the  paper  are  (1)  overall  efficiency  of  truck 
mechanism  and  (2)  tractive  resistances  of  a  number  of  typical 
urban  roads.  The  components  of  tractive  resistance  for  a  tyi)ical 
road  are  also  given. 


'T'HE  INVESTIGATION  herein  described  was  carried  on  in 
'■'       the  Research  Division  of  the  Electrical  Engineering  De- 
partment, at  the  Massachusetts  Institute  of  Technology,  during 

the  year  1915,  under  a  fund  contributed  for  researches  on  motor 
trucks. 

Object  of  the  Research.  The  object  of  this  research  was  to 
determine  the  resistance,  including  air  resistance,  ofTercd 
to  an  electric  truck,  by  level  txrban  roads  of  different  sixrface 
varieties,  at  standard  truck  speeds  not  exceeding  25  km.  (15.5 
miles)  per  hour.  For  this  purpose,  the  output  of  the  storage 
battery  on  a  test  truck  was  measured,  for  both  directions  of 
travel,  over  standard  road  beds,  at  different  controller  speeds. 
From  this  output  were  deducted  all  the  corresponding  electrical 
and  mechanical  losses  in  the  truck  mechanism,  as  determined 
by  laboratory  tests.  The  remainder  of  the  outi)ut  was  conse- 
quently attributed  to  (I)  road-  (2)  air-  and  (.'^)  wind-resistance. 
The  wind  resistance  was  eliminated  by  averaging  the  results  for 


926  KEN  NELLY  AND  SCHURIG:  [June  30 

both  directions  of  runninj^,  leaving  as  the  final  result  the  sum 
of  the  road  and  air  resistances. 

By  **road  resistance"  is  meant  the  horizontal  force  required 
to  pull  the  truck,  assumed  as  internally  frictionless,  over  the 
horizontal  road,  in  the  absence  of  air.  By  "air  resistance** 
is  meant  the  horizontal  force  on  the  truck  required  to  overcome 
the  resistance  of  the  air,  assumed  as  quiescent  in  the  absence  of 
the  truck.  Bv  "wind  resistance"  is  meant  the  horizontal  force 
on  the  truck  necessary  to  overcome  the  resistance  of  the  wind 

m 

velocity,  or  that  velocity  of  the  air  with  respect  to  the  ground 
which  exists  in  the  absence  of  the  truck. 

The  Tkst  Truck 

Through  the  courtesy  of  the  manufacturer,  a  1000-lb,  (450- 
kg.)  worm-drive,  single-reduction  electric  truck,  or  delivery 
wagon,  was  placed  at  the  disposal  of  the  Research  Division  for 
the  purposes  of  the  test.  A  picture  of  this  truck  is  given  in  Fig.  1 . 
Its  specifications  are  as  follow: 

Load  capacity  1000  lb.  (450  kg.)  cqui])pcd  with  one  d-c.  scries 

motor. 

Overall  length  of  frame 4280  mm.     1681   in. 

Width  of  frame 890  mm.       35     in. 

Wheel  base  (i.  e.  distance  between  centers 

of  front  and   rear    wheels,   when    front 

and  rear   axles  are    parallel) 2730  mm.     107|    in. 

Wheel  gage 1470  mm.       58      in. 

The  total  weight  of  the  truck,  including  motor,  battery  and 
body,  but  without  load  or  passengers,  was  42001b.  (1910  kg.). 
Each  of  the  four  wheels  was  equipped  with  one  solid-rubber 
demf)untable  tire  (manufactured  for  this  type  of  delivery  wagon) 
rated  at  .'ifi  in.  by  2 J  in.  (91.5  cm.  by  6.35  cm.),  and  actually 
measuring  about  35  in.  (89  cm.)  tread  diameter,  and  2)  in. 
(6.35  cm.)  width  of  base.  The  brakes  were  of  the  internal  expand- 
ing  type  on  each  rear  wheel. 

A  cross  section  of  the  rear  wheel,  showinj^  bearings  and  tire, 
is  seen  in  P'i^.  2.  Fi^.  3  is  a  drawinj^^  of  side  and  front  elevations 
of  the  truck.  This  type  of  electric  truck  is  commonly  used  for 
city  and  suburban  parcel-delivery  service. 

The  transmission  system  was  of  the  shaft  type,  the  speed 
reduction  between  motor  and  rear  wheels  beinp:  accomplished 
by  a  sin^dc  worm  with  worm  wheel,  /.  f..  the  motor  shaft  is 
extended,  throu^'h  two  universal  joints.  U  (Fi^^  3),  which  allow 
for  spring'  compression  due  to  load  and  impact,  to  the  worm  W 
(FiK^  4).    Through  IV,  the  rotation  is  transmitted  to  the  worm- 


Fig.  8— View  of  Test  .\ 
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Fig.  2 — Cross-Section   of   Rear-Wheel  Bearing   with   Wheel  a 
Tire 

r  demounlahle  lolid-rubbcr  raolor  tire,  raltd  at  30  in.  by  2|  in.  (S15  mm.  by  63.5  m 


ro/T — j^ 


lr=\! 


Fid.  3— S]i>B  AND  Front  Elevations  or  Test  Vehicle 

Battery  irompartn-.tnt  cr,ntLiinii>K  4.'i  eel's 
Balttry  oompartTucnt  coniairinn  15  .ctls. 
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«h«:[  R.  {?\s  4i,  which  makes  one  revolution  for  everv-  nine 
t,t  y.hf.  -n/trtTi.  trr  of  the  nwiior.  In  oTder  lo  transmit  the  motive 
\^,-unt  t.f,  Vjth  wheels,  and  yet  permit  them  to  revoU-e  at  dif- 
ftzTt^ii  ifietdi,  the  differential  Bear  is  ptvWded,  which  consists 


■iilvin;;  about  axes 
.  ;;!;  iUfsh  with  the 
ri,i:lu-h;Lnd  section. 
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Driving  Motor  and  Controller.  The  electric  motor  M,  Fig.  3, 
has  the  followinj;  specification:  No.  282,666,  E20,  W  2. 
32  amperes,  60  volt,  1200  rev.  per  min.  The  manufacturer's 
test  data  for  this  type  of  motor  are  given  in  Fig.  5. 


. 

,_ 

\Llll'L 

- 

. 

-J- 

'/ 

r- 

\-'r 

"> 

Si, 

2 

./ 

k 

\j 

1   -31 

' 

~ 

^ 

■ 

—J 

»- 

, 

0-     »-         0 

The  controller  is  of  the  folloiviiif;  description;  Type  S-35, 
Form  A.  It  is  of  the  drum  type,  havinj:  four  forward  and  two 
reverse  speeds. 

The  connection  dia^;ram  of  the  controller  and  motor  is  given 
in  Fig.  6. 
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The  operation  of  the  controller  is  as  follows: 

•Pcrward.  poini  I,     PicJds  1  a»ti  2  in  *e^ci.  all  M 
»*tir---  '-^TiFs  witb  *TtnatitTE  and  fieliis. 

*F        .    :    rxiiai  2.     Fidds  1  and  2  in  (rhc.  «n«i 

F.      _-  ..  r-.int  S,      Field*  I  aa<l  2  in  »cri«.  bat  sS 


Storage  Baltery.     The  batten-  conststcd  of  00  T> 

of  the  regular  nickeUiron  tjpe,  with  .1  taivA  discha 
of  225  ampere- hours-  The  normal  ctargi'  nnd  di 
is  45  amp-eres,  and  the  norma!  peri<«!  ^-i  ^Vanre  is 


d^rv;     -r\^::.A:'-:".-.:\P 
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Experimental  Procedure 

The  tests  made  were  of  two  kinds;  namely, 

(1)  Road  tests,  over  selected  measured  lengths  of  road,  at 
different  measured  truck  speeds,  to  determine  the  gross  battery 
output. 

(2)  Laboratory  tests,  to  determine  the  overall  efficiency  be- 
tween battery  terminals  and  rear- wheel  treads,  at  speeds  and 
loads  corresponding  to  the  road  tests. 

Road  Tests.  The  resistance  (excluding  air-resistance)  offered 
by  a  level  roadbed  to  a  moving  truck,  depends  upon 

(1)  The  surface  quality;  i.  e.,  the  smoothness,  hardness  and 
resilience  of  the  road  surface. 

(2)  The  size  of  wheel  and  tire  quality;  i.  e.,  the  dimensions, 
smoothness,  hardness  and  resilience  of  the  tire  tread. 

(3)  The  speed  of  the  vehicle. 

(4)  The  load  or  weight  of  the  vehicle. 

(5)  The  construction  of  the  vehicle,  i.  e.,  whether  with  or 
without  springs. 

In  these  tests  variations  in  (2)  and  (5)  were  eliminated,  by 
using  the  same  vehicle  and  the  same  type  and  size  of  wheel  and 
tire  throughout,  which  fairly  represent  standard  average  con- 
ditions for  half- ton  truck  service. 

In  order  to  investigate  the  effects  of  road  surface  quality  on 
tractive  resistance,  stretches  of  nearly  lev^el  typical  urban  roads 
were  selected,  with  the  aid  of  records  in  the  Boston  City  Engineers 
office.  Runs  were  made  with  the  truck  over  each  selected 
stretch  of  road,  at  nearly  constant  speed  by  controller,  and  suc- 
cessively in  both  directions  for  each  controller  point,  thus  cover- 
ing the  range  of  speeds  afforded  by  the  controller.  The  effect  of 
load  in  the  vehicle,  upon  the  tractive  resistance,  was  also  tried 
in  a  few  cases. 

The  technique  of  the  tests  was  as  follows:  Previous  to  the 
first  test  of  the  day,  the  car  storage  battery  was  fully  charged. 
The  car  crew  consisted  of  one  driver  and  two  observers.  The 
driver  confined  his  attention  to  steering  the  car,  while  nmning 
at  constant  controller  position.  If  the  driver  had  to  change 
the  controller  position,  or  apply  the  brakes,  during  the  run,  the 
run  was  repeated. 

The  first  observer  was  stationed  on  the  front  seat,  beside  the 
driver,  and  noted  the  stop-watch  times  of  start  and  finish,  as 
well  as  the  readings  of  the  speedometers  during  the  run. 

The  second  observer  was  stationed  in  the  body  of  the  truck, 
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:(ml  a'lUitiiii'iisly  Unik  rcadinfis  of  voltage  and  current  at  batter>' 
1,'MniiinU.  Iiv  iiilibratcd  measuring  instruments;  these  in- 
tU\itin'Ht«  liriiiK  HUpiwrted  on  cushions  to  minimize  their  vibra- 
Hi'"  I'tii'  |">iiHiini"  of  these  instruments  in  the  battery  circuit 
')>v  >ifil<r'tlv>l  iti  V\^  0  at  vl  and  V. 

Hh'  qhiil  mid  finish  for  each  stretch  of  road  were  marked  off 
l'>  i-ltitllt.  I"  111  hvr  clearly  visible  lines,  drawn  across  the  roadway. 
I  ii,.  1  .ii  ivii'i  iilways  set  in  motion  at  a  suitable  distance  behind 
tl.t.  sliiilHit:  line,  30  as  to  reach  approximately  steady  speed 
„l.i.ii  llilfl  lliii-  was  crossed.  A  stop-watch  was  started  by  the 
liwl  libotu  vi-r  (It  this  moment.  It  was  stopped  by  the  same  obser- 
1  >.>  .il  llir  iii'rment  when  the  front  wheels  of  the  car  crossed  the 
Iii.i.>li  liiK      '!  lit-  reading  uf  the  stop-watch  was  thus  the  time  of 

I  111'-  li  Hf'iii  of  the  run  between  start  and  finish  lines  was 
(li^lcmiiii'd  by  means  of  a  tape  line.  The  runs  varied  in  length 
iii'iii  MKl  U    (120  m.)  to  2600  ft,  |790m.) 

Wlii-rev<jr  the  grades  of  the  test  stretches  were  not  obtained 
iMiiii  the  city  maps,  they  were  measured  directly,  on  special 
dityrt,  by  the  car  observers,  with  survevors'  level  and  rod,  in 
II...  p-rularway. 

lur  'r.'Lih  controller  speed,  the  car  was  run  three  times  in 
...ir )]  direction,  over  the  test  section,  in  immediate  succession, 
(!■,  iljis  metiiod  of  running  in  alternate  directions  over  the  same 
i.i'i  ruiTi.  the  effect  of  wind  on  car  resistance  was  approximately 
I  liiiiiriiited.  on  the  assumption  that  if  a  wind  was  blowing,  it 
I'.;.-,  uniform  in  velocity,  and  tended  to  exert  a  uniform  pressure 
oij  I  lie  i.ar,  wliethL-r  the  latter  was  running  with  it  or  against  it. 
N'l  licaxy  windstorms  occurred  during  the  period  selected  for 
ilii  ic-^ls  The  arithmetical  mean  of  the  road  resistances,  as 
(rK-.i^iircd  al  nearly  cmstant  syieeds  in  op|)osite  directions,  was 
-,,■  Miimd  III  iliniinalL-  the  ctVect  of  wind  velocity. 

i\  fnrlliL-r  correction,  namely  that  dut  to  the  change  of  kinetic 
iTievKy  iniiartc<l  to  the  vehicle,  between  start  and  finish,  became 
necessary,  bectuse  tlie  Kjieed  was  not  absolutely  constant  dur- 
ing the  run;  v,  c,  a  slight  retardation  or  acceluration  took  place 
over  the  test  stretch,  in  spile  of  the  fact  that  the  controller  was 
not  changed,  that  roads  of  uniform  grade  were  selected,  and 
also  that  the  truck  was  started  as  far  in  advance  of  the  mark 
as  was  practicable.  The  energ\-  itnparteil  to  a  truck  which  is 
accelerating  includes  not  only  that  necessary  to  overcome  its 
internal  and  external  resistances.  Inn  also  that  definite  amount 
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of  energy  which  is  required  to  produce  the  acceleration.  The 
latter  portion  of  energy  is  known  to  be  equal  to 

1    W 

•    2    jW-^i^)  kg.-m. 

where  W  is  the  mass  accelerated  (kg.),  V2  and  vi  being  the  veloc- 
ities in  m.  per  sec.  at  end  and  at  beginning  of  the  run,  respec- 
tively; g  is  the  mean  constant  of  acceleration  due  to  gravity, 
i.e.,  9.81  m.  per  sec.  This  energy  was  subtracted  from  the 
total  energy  imparted  to  the  truck.  The  importance  of  this 
correction  and  the  method  of  its  application  in  a  typical  case  may 
be  seen  from  Table  III. 

Table  I  contains  a  sample  set  of  observations  made  in  a  par- 
ticular run  in  alternate  directions  over  a  test  section. 

Laboratory  Tests.  In  order  to  determine  the  truck-mechan- 
ism overall  efficiency,  from  storage-battery  terminals  to  tire 
treads,  as  already  referred  to,  the  car  was  taken  into  the  Lowell 
laboratory,  the  rear  wheels  raised  from  the  ground,  and  belted 
each  to  a  load-generator.  The  motor  was  then  operated  through 
the  controller,  at  a  number  of  speeds,  the  power  being  delivered 
to  the  load-generators  and  measured  over  a  considerable  range 
of  speeds  and  outputs.  Fig.  8  gives  a  photographic  view  of  the 
test  arrangement.  The  car  B-9335  is  shown,  with  its  rear  axle 
supported  on  I-beams.  The  rear  wheels  are  belted  to  two  similar 
5  h.p.  d-c.  generators  GiG^,  loaded  by  banks  of  adjustable 
la-Ia  resistors  R.  Fig.  9  gives  a  diagram  of  the  electrical  test 
connections. 

The  speed  of  the  rear  wheels,  in  these  laboratory  tests,  was 
measured  by  means  of  the  magneto  m  (Fig.  8),  belted  to  one  of 
the  wheel  brake  drums.  It  was  also  checked  by  means  of  the 
magneto  M  coupled  to  one  of  the  load  generators  Gi.  In  order 
to  ensure  equality  in  speeds  of  the  two  truck  wheels,  under  test 
conditions,  so  that  the  load  might  be  equally  divided  between 
them,  and  that  the  conditions  might  correspond  to  those  when  the 
car  runs  on  a  straight  path,  a  slip  counters  was  inserted  between 
the  two  generator  shafts,  so  as  to  indicate,  by  the  flashing  of  a 
light,  if  their  speeds  materially  ditlered. 

The  load  generators  were  separately  excited.  Their  output 
was  measured  by  d-c.  voltmeter  V,  and  ammeters  AiA^y  Fig.  9, 
in  their  respective  circuits.  Separate  tests  were  made  on  the 
load  generators  G\  G2,  to  determine  their  mechanical  and  elec- 
trical armature  losses,  under  different  load  conditions.     These 
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losses  added  to  the  outputs,  gave  the  total  generator  inputs  sup- 
plied through  the  driving  belts. 

The  losses  in  the  two  driving  belts  ^i  ^2,  Fig.  8,  were  approx- 
imately determined  by  taking  two  successive  light  load  tests, 
first  with  the  regular  heavy  leather  belts  shown  in  Fig.  8,  and 
next  with  special  light  cotton  belts  of  negligible  power  loss, 
but  of  very  limited  transmitting  capacity.  The  difference  be- 
tween the  inputs,  in  these  two  tests,  measured  the  power  con- 
sumed in  the  leather  belts;  because  the  other  losses  in  the  two 
tests  were  the  same. 

The  friction  losses  in  the  front  wheels  (about  70  watts  total), 
were  also  measured  by  belting  them  to  the  rear  wheels  through 

light  belts  in  special  tests. 
No  allowance  was  made  for 
any  possible  increase  in 
wheel -bearing  friction  under 
increased  gravitational  pres- 
sures; but  since  all  the 
wheels  had  roller  axle  bear- 
ings, such  extra  friction  losses 
were  probably  very  small. 

The  sum  of  the  load-gen- 
erator outputs,  the  armature 
losses,  and  belt  losses,  was 
taken  as  the  car  output  at 
rear-wheel  treads,  at  various 
measured  inputs. 
A  detailed  quantitative  analysis  of  these  various  losses  appears 

in  the  next  section. 

Results  of  Tests 

Although  the  primary  object  of  this  research  has  been  a  deter- 
mination of  tractive  resistances  to  an  electric  truck,  under  the 
conditions  previously  defined;  yet,  incidentally  the  tests  have 
furnished  results  of  practical  value  of  the  overall  efficiency  from 
battery  terminals  to  wheel  treads  of  this  type  of  electric  car, 
under  normal  operating  conditions. 

Overall  Efficiency  of  Drivitii^  Mechanism.  A  summary  of 
typical  data  obtained  in  one  of  the  laboratory  tests  is  given 
in  Table  II.  The  first  column  gives  the  output  in  watts  at  the 
battery  terminals,  determined  from  the  simultaneous  readings  of 
a  calibrated  voltmeter  and  ammeter,  V\  A,  Fig.  0.  Column 
II  gives  peripheral  wheel  speeds  in  km.  per  hr.  and  in  miles 


Fig.  9 — Diagram  of  Connections 
FOR  Determination  of  Test  Truck 
Over-All  Efficiency  by  Means  of 
Load  Generators  d  and  d 

^Each   generator   was  belted   to  one  of  the 
rear  truck-wheels 
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per  hr.,  derived  from  the  voltage  readings  of  magnetos  M,  m. 
Fig.  8.  Column  III  gives  the  total  generator  output  as  deter- 
mined by  simultaneous  readings  of  calibrated  instruments  V,  A  \ 
and  Ai,  Fig.  9.  Columns  IV.  V  and  VI  itemize  the  following 
losses:  {IV)  armature  copper  losses  (watts)  in  generators  d  Gj, 
as  obtained  by  resistance  measurements  of  armatures,  and  from 
the  observed  armature  currents 
(ammeters  A^  A^.  Fig.  9.);  (V) 
stray-power  losses  (watts)  in 
generators  (7i  G«.  as  determined 
from  special  stray-power  tests, 
already  referred  to;  {VI)  belt 
losses;  i.e.,  frictions  in  both  driv- 
ing belts  B,  and  Bj,  as  deter- 
mined by  special  belt-loss  tests, 
already  mentioned.  Column  VII 
gives  the  sum  of  the  losses  in 
columns  III,  IV,  V  and  VI. 
Column  VIII  gives  the  equiva- 
lent output  nf  truck  on  road,  as 
obtained  by  subtracting  from 
the  watts  tabulated  in  column 
VII,  66  watts  for  average  front- 
i  — j--) — ] — I — [ — [--;  fLiJ„J„.,i,  I  wheel  friction,  the  latter  as  de- 
termined by  the  special  front- 
wheel  friction-loss  test  already 
mentioned.  The  last  column 
gives  the  overall  efficiency  of 
Fig.  10 — Curves    of    Over.vli,      the  car  for  road  runs,  i.  e..  the 

Efficiency  of  Test  Trick  ratio  of  columns  VIII  and  I. 
and^'l'^hb'iVr '"''rH ^"^'1^'' I'udash  Efficiency  tests  as  elaborated 
iiiwji—DomdUnM arc  drawn  ai  cunstant  in  Table  II  werc  made  at  each 
»raii^"nJ'"e!')s*?'T^fl''w<!"c''uw'd''~  contfollcr  jjosiljon  for  forward 
speeds.  In  view  of  the  relatively 
large  voltage  variation  (see  Fig.  7)  of  the  truck  battery,  between 
full  charge  and  partial  or  complete  discharge,  and  at  different 
current  outputs,  it  was  found  necessary  to  perform  efficiency- 
test  runs;  (I)  at  a  fully  charged  battery  and  (2)  at  a  partially 
discharged  batterj-,  (I)  corresponding  to  high  impressed  voltage 
and  (2)  to  a  slightly  lower  impressed  voltage.  The  results  of 
the  efficiency  tests  are  shown  in  Fig,  10.  It  is  seen  that  the 
condition  of  the  battery  has  a  considerable  effect  upon  the  re- 
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I  u     10  vshnw;.  besides  efficiency  curves  at  fully  charged 

•v ,, ,. .  X  ^mll  Itnr;^  Mild  at  partly  discharged  batter\'  (dash  lines), 

.  o..mJ',  I   ,•!  rou'.lant  speed  lines  (dotted).     For  example,  the 

.,    ,  yii  .o»J  rMii  H-ncy  of  the  truck  at  3500  watts  batter>'    out- 

,.».,    ,  ..Mn».ll«  I  III)  point  2,  and  at  a  truck  speed  of  13  km.  per  hr. 

^,  I  .Mil,  .  |M  I  In)  is  71  per  cent  from  Fig.  10.     It  was  for  con- 

,    .MM.,    Ml  iIm'  handlinj^  of  the  data  that  the  truck  speed  was 

I.  .  .  M   »    I  III-  ihird  factor  necessary  for  the  determination  of  the 

,.M  I.   V  Mm  n  luv,  rather  than  the  battery  terminal  voltage.     It 

I.  Mii.t  .»l...  Iir  iK)intcd  out  that  none  of  the  efficiency  curves  in 

I  .»     10  ..u  diawn  at  constant  battery  terminal  voltage,  and  that 

i  I, ...  .114  .  I  hcrcfore.  only  approximately  comparable  to  the  manu- 

I  .   lull  1  :'  niolor  efficiency  curves  reproduced  in  Fig.  5.    Such  an 

.|.|.M.'. iin;iLr  comparison  shows  that  the  efficiency  of  transmis- 

i'.M  Im  I  wicn  motor  and  rear- wheel  treads  is  in  the  neighborhood 

.ii  IM)  j,er  cent  for  this  truck  under  the  conditions  tested.     This 

i.i^  li  \  .line  may  he  attributed  to  the  fact  that  the  driving  mechan- 

1  ill  iii\<il\'(js  ])ul  a  single  speed  reduction,  between  motor  and 

M.ii  a.xlc,  by  a  worm  and  worm  wheel  (Fig.  4).     The  maximum 

ia\\\i-.  ol  oNcr-all  efficiency,  including  all  mechanical  and  electri- 

:,,l  l<,  'cs  hrxDnd  the  battery  terminals  are  seen  from  Fig.  10  to 

|.(   .1,  I'^llow.  wlien  an  a])|)ruximately  fully  charged  battery  (60 

( •  II      I ',  pL'  A  ()  lis  em];l()yed. 

.').">  jM-r  c(.'rU.  (.oiurttlU'r  on  p(jinl  1,  forward  at  a  l)attcry  cmlpiit 
.,1  JOOO  watts. 

(•r  (.t-nt,  coiitrollrr  on  jxiint  2.  forward  at  a  l)attery  output 


I  •'»  p< 


*  f  i  t/  \i  \ 


1916] 


TRACTIVE  RESISTANCE  OF  ROADS 


939 


OQ 

< 


o 

^^^ 

2 

• 

^ 

O 

6 

8 

C5 

c« 

oi 

M 

-«^ 

o 

Jt 

R 

B 

Cl, 

•f 

u 

v^ 

t>. 

K/i 

M 

ri 

H 

H 

.J 

1 

II 

1 

D 

T) 

C/J 

c8 

U 

O 

Oi 

a: 

a 

< 

JC 

c 

3 
u 

O 

o 

c 
o 

<: 

o. 

H 

o 

be 
n 

<: 

u 

4> 

«; 

Q 

O 

U 

a 

H 

CO 

U 

H 

> 

Equiv. 

per   cent 

grade 

«    W    ^    1"   IN    PO   Q 

• 

o 

u 

• 

c 
o 

«>• 

«-> 
D 

E 

d   O  '^  'N   M  "^   -r  »o 

♦-»     0)     trt 

^  s^  - 

Sort 

t>.   f'-    CJ    35    -^    -^   1^    0> 

-^  if^  r^  ?o  «  c»  «0  -r 
^  ^  ^  ^  ^  ^  M 

• 

X 

«-> 

u 

V 

■c 

o 

"5 

4-* 

o 

^H     ^H     I-4      »-H 

• 

X 

o 

«-* 

3 

U      O      U 

•^  Ci  O  O  00  r>.  QO  -^ 

t'-           IN    OC    'f    -^    -^   t'- 
II                          »^    1-1    C^ 

• 

X 

1-^ 

•O   O   tC   00   o>   O   -^   M 
W    —    tO^^OC^lX 
t*    »rt    «5   ?C    »0   'O    '£    O 

1  1  1  1 

• 

u 

4-> 

cc  -N  'O  fo  o  c^  tr  « 

•X  ^  lO  -r  lO  o  35  'O 
Or>.r^t>.««5or>. 

VII. 

u 
1) 
> 

c 

•-> 

•^    O   O    O   C    "2    o   •« 

-r   o   •-«  O   -f   lO   'O   Oi 
•o  1-  r>.  t'-  lO  «  '^  o 

> 

f^            3 

o  Oi  f  ?»  o  -t  ri  Ti 

ro  ^^  c  "3  ri  t-i  -r  o 

•^    lO    '.I    ^    O    '»'    'f    «* 

• 



• 

u 

4-  +  +  +   1     1     1     1 

H4 

oococooo 

-r   h*   C   1^    'O   'M   lO    C 

CC    M    '^    C^    OO    O    O    iC 
CI    M    rj    Tl    —   —    M    M 

4 

J 

c/: 

1-   ro   -o   X   O   r.  -r  o 

lO    »    C.    -"    32    C    <><    -r 
^    .^    ^    C-l    ^    M    'M    CI 

i:  — 

c 

3 

?:ff:^p:wwww 

940 


z 

oi 

o 
tt* 

ui 
o 

D 

ai 

H 

CO 

Ou 

O 

o 
u 

U 

Cx] 

b. 

C 

u 

c 

< 


TRACTIVE  RESISTANCE  OF  ROADS 


«» 

'l"  ;'i  °  I'i   3 

s 

\" 

1 

1^ 

;-i 

h 

- 

- 

=. 

^ 

^,_ 

J_ 

"1 

, 

-j-i  ; 

k 

1 

! 

ing  power  losses  in  watts:  VIII  in  truck,  as  obtained  from  IV 
and  VII;  IX  against  gravity;  X  due  to  change  of  kinetic 
energy  of  truck  between  start  and  finish  (see  table  IV),  all  of 
which  losses  are  supplied  by  the  storage  battery.  In  column  XI 
are  tabulated  the  sum  of  the  entries  of  columns  VIII,  IX  and 
X.  The  difference  between  IV  and  XI  gives  the  total  trac- 
tive power,  as  recorded  in  XII.  Column  XIII  contains  the 
tractive  resistance  in  kg.  per  metric  ton  as  derived  from  XII. 
The  last  column  contains  the  equivalent  percentage  of  grade, 
since  10  kg.  per  metric  ton  is  just  equivalent  to  1  per  cent 
grade. 

The  test  data  and  results  for  loss  of  power,  due  to  change 
of  kinetic  energy  of  the  truck,  for  a  typical  road  test  are  tabulated 
in  Table  IV.  The  results  are 
negative  for  runs  in  which  the 
velocity  decreased.  It  is  seen 
from  the  magnitude  of  these 
results,  that  they  are  by  no 
means  negligible.  In  practically 
all  the  road  tests,  this  item  was 
found  to  be  of  importance. 

In  Fig.  11  are  plotted  the  re- 
sults for  a  typical  test,  in  accord- 
Psvtment  tar  macadam  m  ^ood  con-    ance  with  TaWc  III.     The   or- 
miion  »ei— wind  east— curvt's  1   and  2    jinatcs  of  cur\'e  3  represent  the 
— iniufveJthtteeficrtsartappro^iimBteiy    hoHzontal  forcc  per  metric  ton, 

ehmmatrd.  bul  not  the  slill-air  rtsKlancp.      ^^^     p^j.     short     ton,     which      IS 

required  to  overcome  the  road  resistance,  and  still-air  resistance, 
at  constant  speed  on  level  road,  with  no  wind  blowing.  Curves 
similar  to  those  of  FifJ.  1 1  were  plotted  for  each  road  test.  A  sum- 
mary of  the  tests  is  represented  by  Figs.  12  to  18  inclusive. 

A  sphalt  Roads.  ( Fig,  1 2.)  The  curves  plotted  in  Fig.  1 2  apply  to 
both  sheet  asphalt  (a)  and  to  bitulithic  pavements  ib),  both 
defined  as  follow :  (a)  asphalt,  'onsisiingof  (1)  a  foundation  of  hy- 
draulic cement  or  concrete,  (2)  a  binder  course  of  broken  stone 
and  asphaltic  cement  (dissolved  asphalt),  (,3)  a  surface  layer  of 
asphaltic  cement  mixed  with  sand;  {b)  bitulithic  pavement, 
which  may  be  classified  as  a  type  of  asphalt-macadam  pavement, 
built  on  a  concrete,  stone-block  or  macadam  foundation,  con- 
sisting of  a  mixture  of  broken  stone,  sand  and  asphaltic  cement, 
proportioned  and  mixed  before  being  laid.  This  mixture,  after 
having  been  laid  hot,  and  rolled,  is  covered  with  a  coat  of  hot 
asphaltic  cement  and  fine  stone  chips. 
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The  testa  showed  that  there  was  no  appreciable  difference 
between  the  tractive  resistances  of  sheet  asphalt  and  bitulithic 
pavements  as  above  defined  when  in  jiood  condition;  so  that 
both  of  these  pavements  are  represented  on  one  and  the  same 
diagram  y\ii.  12.  The  asphalt  pavement,  when  in  good  condi- 
tion, offers  a  low  resistance  to  vehicular  traffic,  on  account  of 
its  smoothness  and  hardness.  Curve  (1)  is  seen  to  be  almost 
flat,  and  if  the  still-nir  resistance  is  eliminated  by  an  approximate 
formula*,  a  straij-'ht  horizontal  line,  (see  cun-e  5),  results  for 
the  road  resistance  alone.  Cur\"es  2  and  3  are  steepened  by  the 
addition  of  impact  and  vibration  losses.  These  extra  losses  are  due 
to  the  impacts  which  the  truck  receives  as  it  encounters  local 
lumps  and  linlloivs  in  the  worn  pavement     The  dash-line  cur\"e 


1 


was  obtained  wJien  the   total   moving  mass   was  increased  12 
per  cent,  ami  is  seen  to  be  almost  identical  witli  curve  1 . 

Wooil'hhrk  Roiuif.  iFij;.   13).      The  full-line  curve  of  Fig.  13- 
applies    \n   Wiiiid-lildck    paxinj;,    wliich    consists   of   rectangular 
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iI.cpVi.-  equation  lakes 


H-tric  tons.  The 
malL-ly  U  sq.  ft. 
11M4  met.  tons). 
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creosoted  hard-pine  blocks,  approximately  4  in.  (10  cm.)  deep, 
3.5  in.  (  9  cm.)  wide  and  8  in.  (20  cm.)  long,  placed,  with  the 
fiber  vertical,  and  the  long  dimension  crosswise  to  the  street, 
upon  a  foundation  of  concrete  with  a  thin  layer  of  sand  interposed 
between  concrete  and  wood  blocks.  The  curve  is  nearly  hori- 
zontal because  of  the  smoothness  of  the  pavement. 

Brick'Block  Roads.  (Fig.  13).  The  brick-block  roads  upon 
which  tests  were  made,  consisted  of  rectangular  vitrified  paving 
brick,  approximately  4  in.  (10  cm.)  deep,  3.5  in.  (9  cm.)  wide, 
and  8.5  in.  (21.5  cm.)  long,  laid  with  the  length  perpendicular 
to  the  curb,  upon  a  foundation  of  concrete  and  a  cushion  layer 
of  sand.  The  results  for  brick  roads  show  nearly  as  low  a  resis- 
tance as  those  for  the  wood  block,  but  the  curve  for  the  former 
is  steeper,  particularly  for  the  case  of  a  worn  surface,  again 
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probably  because  of  the  impact  and  vibration  losses  on   the 
rougher  pavement. 

Granite-Block  Roads.  (Fif^.  14).  The  foundation  for  these 
roads  is  either  a  bed  of  sand,  or  a  layer  of  concrete,  with  a  sand 
cushion  to  separate  the  blocks  from  the  concrete.  Average 
dimensions  for  the  rectangular  blocks  are  about  4  in.  (10  cm.) 
wide,  11  in.  (28  cm.)  long  and  8  in,  (20  cm.  deep).  The  joints  arc 
filled  either  with  small  pebbles  and  sand,  or  with  hydraulic- 
cement  grout.  The  former  filler  is  subject  to  being  partially 
washed  out  by  precipitation,  and  removed  by  the  street  sweeper, 
and  thus  allows  the  edges  of  the  blocks  to  be  exposed  to  wear, 
which  renders  the  pavement  far  less  smooth  than  one  with 
cement-filled  joints.  The  full-line  curves  1  and  2  in  Fig.  14, 
which  apply  to  granite-block  roads  with  cement-filled  joints,  show 
a  greater  upward  slope  than  those  for  the  smoother  brick-block, 
wood-block,  and  asphalt  roads,  already  mentioned;    while  the 
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Xn£s:e-Urjck  pavenients  constructed  «nth  tbt:  less  durable  tiller 
an  tt«ii  to  Offer  a  still  more  rapidly  increasing  reststaoce  at  in- 
cretsut^  velocities,  because  of  the  greater  losses  ot  tdnetic  energy 
4tie  to  Tuad  impact. 

Macadam  Roads.  'Pig.  lo  and  16>.  This  type  of  road  has  a 
pavement  ctmsisting  of  several  layers  of  broken  stooe.  jtiap 
rock,  granite,  lime  stone,  slate,  etc.f  ran^ng  in  size  from  about 
3  in.  (7  6  cm  /  to  about  0  .i  in.  i  l-.l  cm  *  in  largest  dimension. 
The  fragments  cif  stone  are  held  together  by  a  btndint;  material 
of  which  there  are  two  general  types:  il>  clay.  loam.  sand,  or 
finest   screenings   f^tone  du5*    fnwn   stone  crusher),   distributed 


■"■:'  hnikon  ^tune,  '.v.uor  boiiii:  sprinkled overlhe 

;ar.  either  mixed  with  the  broken  stone  before 

trifur.ed  '■wr  the  broken  stone,  after  the  latter 

.iT-.i1  ri.'llei-I:    ty;.ic    |  ■  is  known  :!■;  :i  water -bound 

■■  t'r.e  rosints  obtained  lor  water-bound  macadam 

l.tsii  fur\es  apt'ly  to  the  oiled  pavements,  full- 
■:><r  nnuik'd  road-:.     A  dusty  road  (cur\-e  2).  is 

;rt.ater  resistance  than  a  similar  one  with  a  hard 
ihist  curve  1';  while  a  badly  worn  road  with 
-r.uws  a  far  hii;her  resistance  than  1  and  2,  and 

.L;id  n;e  with  increasini;  speed,  due  to  impact 
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losses.  Curve  4  for  an  oiled  macadam  road,  though  in  fair 
condition,  shows  a  higher  resistance  than  a  similar  road  unoiled. 
Heavy  oiling  increases  the  resistance  without  increasing  the 
slope  of  the  curve,  as  indicated  by  curve  5;  this  effect  is  probably 
caused  by  the  softening  of  the  surface  and  the  resultant  loss 
of  power  due  to  the  depression  of  the  surface  material  by  the 
wheel  tires.  The  combined  effects  of  wear  and  oil  are  seen  in 
curve  6.  Curve  7,  if  compared  with  curve  5,  (the  two  curves 
applying  to  the  same  road,  but  to  different  days  and  different 
total  weights  of  moving  vehicle),   shows  a  slight  increase  of 
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resistance  due  probabK-  to  both  decreased  road  resilience  and 

increased  weight. 

The  results  for  tar-macadam  roads,  (Fig.  Hi)  arcsimilar  to  those 
for  water-bonded  macadam;  /.<•,,  the  effects  of  surface  deteri- 
oration are  definitely  seen  by  comparison  of  curves  I,  2,  3  and  4. 
Cur\'e  5  is  of  interest  in  again  demonstrating  that  the  resistance 
of  a  soft  surface  of  low  resilience  is  greater  than  that  of  a  similar 
but  hard  road  by  an  approximately  constant  amount,  (see  curves 
5  and  1).  The  dash-line,  curve  fi,  (12  per  cent  extra  weight), 
is  seen  to  follow  very  closely  curve  2.  (the  two  curves  include 
data  obtained  on  the  same  road  under  similar  conditions,  but 
with  different  total  weights.) 
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(  iiulff  untl  (iravel  Roads  (Fig.  17,)  Cun-e  I  in  Fig.  17  applies 
\i,  n  foh"!  will)  a  gravel  surface,  in  fair  condition,  but  slightly 
((not  v"  A  nri'l<T  road  with  a  dry  and  hard  surface  in  fair  condi- 
I.K.n,  IB  at-Mii  I'l  have  a  slightly  lower  resistance,  probably  because 
t.l  ire  j;rcai.r  resilience. 

.Summary  for  All  Classes  of  Urban  Roads  Tested.  Typical 
ii-.aiilt.ti  for  .ill  classes  of  urban  roads  tested  are  summarized 
t^f^tlihiially  ill  Fii;,  18,  and  numerically  in  Table  V.  It  appears 
Iri/iri  these  summaries,  and  from  the  foregoing  discussions,  that   | 
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.(.-ri.-  aru  llirw  |irini.i|>;il  clcnicnis  \vliii.li  dctuniiinL'  the  Iraclivc- 
sisUimv-s]>wd  i-urvc  fur  unii  \vL'ij:hi  oi  a  i;i\(.'n  vehicle,  within 
lu  r(in;;L'  <<i  foniliti'ms  covered  by  lliis  u-si : 

I  I ;  A  eimsuini  rest;; lance,  sec  curve  1.  Fi;;.  lil',  llic  magnitude 
(ii  wliieh  iic|ic!ids  on  ilic  hick  of  resilience  of  the  road  surface 
III  wlieel  tire  material,  i.e..  on  the  energy  losses  due  to  dis- 
ueemon  iif  tivc  material  anil  road-surface  material.  This  con- 
aiii  eloTietii  .1  wiiuM  lit  encovmicred  upon  asmoolh  levelroad 
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of  the  particular  type  considered,  in  the  absence  of  impac 
and  wind-resistances. 

(2)  An  increasing  resistance  with  increasing  speed,  d 
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impact  losses  (curve  2),  which  results  from  lack  of  smoc' 
of  road  surface;  losses  of  this  nature  are  usually  known  U 
approximately  as  the  second  i»ower  of  the  velocity  at  in 
and 
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(3)  An  increasing  resistance  with  increased  speed,  due 
pressure  against  the  front  of  the  vehicle,  curve  3,  which  resi 
is  known  to  depend,  roughly,  on  the  second  jrower  of  the 
(see  above  under  "Asphalt  Roads"),     The  sum  of  the 
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curves  for  items  1,  2,  and  3,  for  the  case  of  asphalt  roads  in  Fig. 
12,  results  in  cur\e  4.  The  constant  resistance  (1)  may  be 
briefly  called  the  displccemenl  resistance,  item  2  fche  impact 
resistance,  and  item  3  the  air  resistance.  The  displacement 
resistance  is  low  for  hard  pavements  (curve  1,  Fig.  12)  and  high 
for  soft  pavements  (of  low  resilience),  as  is  illustrated  by  curve  5, 
Fig.  16:  The  impact  resistance  is  very  marked  in  granite-block 
roads,  as  already  mentioned,  (Fig.  14).  The  air  resistance,  at 
any  definite  velocity,  is  the  same  for  all  curves;    because  the 
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R  Asphalt  Road  in  Pook  Conditi 


air-resisting  parts  of  the  iruck  were  left  unchanged  ihniughout 
the  tests.  For  the  i>articular  type  of  road  reijrescnicd  by  Fig.  19 
(asphalt  road  in  poor  condition,  see  curve  3,  Fig.  12).  at  a  speed 
of  20  km.  per  hour  (12.4  miles  i>er  hr.)  the  dis])lacemenl  resis- 
tance is  0.84  ])er  cent,  the  ;iir  rcsisliiiicc  is  (1.11  per  cent,  the 
impact  resistance  0.20  |>cr  ccnl  and  the  total  1.1;'»  \iev  cent 
equivalent  grade. 

The  displacement  resistance  uf  a  road  manifestly  varies,  not 
only  with  the  type  and  surface  ([ualiiy  of  ihe  road,  but  also 
with  the  type,  dimensions  and  quality  of  the  tires  on  the  wheels 
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<rf  the  vdnck.  In  the  tests  here  reooneii,  the  same  tires  were 
nsed  thnmghoat,  and  they  remained  in  aibftantially  the  same 
ccndttion. 

The  trapaci  reaslaocc  of  a  n>ad  manu'cstly  depends  not  only 
on  the  tyje  and  surface  quality  nc  the  rciad.  and  the  siies  of  its 
irregularities;  but  also  on  the  type,  dintenaons  and  qnaHty  of 
the  w^heel  '.ires,  ifac  w^gh:  oc  the  tnKk.  and  the  qualhr  of  its 
sprinirs- 

The  air  resistance  per  unit  weiEhi  of  truck  manifestly  depends 
ujjon  the  weit'hi.  dimensions  and  shaj.^  of  the  vehicle,  as  well 
as  on  the  ?i-eed  of  the  vehicle  rriaiively  to  the  sum>unding  air. 

The  wind  resistance  per  unit  weigh!  of  truck  manifestly  de- 
pends upon  the  weight,  dimensions  and  shape  of  the  vehicle. 
as  well  as  on  the  di/vciion  and  xelocity  of  the  wind  and  the  veloc- 
ity o£  the  vehicle.  |i  is  assumed  that  at  low  B^^d  and  vehicle- 
speeds,  like  those  here  considered,  only  that  component  of  the 
wind  which  is  in  the  direction  of  the  vehicle's  path  needs  to 
be  tal.c"-  ■'.-.■  account,  and  that  the  mean  ofihen-ind  resistances 
in  op-    -    .   i-..-tvtioTis.  along  the  road,  is  zero, 

Tr.-       '..    '-.nv'  studies  are  suggested  for  future  experimenters 

1  Ri.-tiri;hi.-;  on   vehicle    tractive    resistances    on    country 

2  Tr-i.:;-.f  rcsisLjnces  to  vehicici  viith  different  wheel  tires. 
■5     Tr.v. ■.:-.■!.■  ri-;ii:.inces  of  iirbiin  r'vuis  ,it  low  siieeds  from  0 

4     Tr.v  ■.:■■-.■  ^|,-:^■.-l:■,Cl.5  :;*.   ■;;  tvi^  r.i.:hor  than    lo  miles  [>er 


.  ■,:.-.  .:m:';  r-  ■'■:-:■,  '■■  i-v;  n.^?  rr.fir  indebtedness 
A  :::  :-  ::..::;  ::-^-  u-iili  >;:  ■r:.^o  Battery  Co.. 
■Mt.  :~  :  r  ....-:-.  ■.::j.  ■  „::  :■■(■  work;  to  the 
:'  -  ::■.  :  .■,".  :  :;-.i  :r..c:-;  v.^od  in  the  tests; 
;■.  v.'.:  .:r.-^  ['.'.■:.:v.i::.-.:-.r.^,  C''  ■■:"  Boston  for  their 
^    :::   ;v-o-,v:  s^;:.;.^     ■:   ::;:>  rcjoari:!!.      Further 

:;-     h:.'  •   ■  M.--     .\    ^-     B"-.'-".     ^    B  .  M.  I.  T. 

li.:'-.>.    >   B.M    !    T    l:'!.-.  ,v,;:-:.v.kniostofthe 

r.-.^  T  ;■!  .:-.■[  '..:'■•  T.'.-.'-ry  :f>-.>,  and  to  Messrs. 
S  B    M    I.  T    UM_'     ,-;■!  1.,  H.  Webter  (S.  B., 

.:.■■  rer.dored.  .-.ss-.st.ir.co  ;:;  ::-.e  preparation  of  the 
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Summary  of  Conclusions 

The  following  corclusicns  are  indicated  from  the  preceding 
results:  as  confined  to  urban  roads,  with  a  solid  ruhber-tired 
motor  truck  between  the  speed  limits  of  from  1 3  to  25  kilometers 
per  hour,  (8  to  15.5  miles  per  hour.) 

(1)  The  Gver-all  efficiency  of  the  test-truck  mechanism,  as 
described  in  this  report,  between  battery  terminals  and  rear- 
wheel  treads,  reached  a  maximum  \alue  of  about  78  per  cent, 
under  the  most  favorable  conditions. 

(2)  The  mechanical  efficiency  of  transmission  from  motor 
shaft  to  rear-wheel  treads,  for  the  truck  tested,  shaft-driven 
through  a  single-reduction  worm  gear,  was  found  as  high  as  90 
per  cent. 

(3)  Tractive  resistances  are  most  conveniently  expressed  as 
an  equivalent  percentage  grade;  i.e.,  a  level  road  of  definite 
tractive  resistance  may  be  regarded  as  a  road  of  zero  tractive 
resistance,  but  rising  uniformly  x  units  in  100  units  of  road 
length,  or  having  an  equivalent  grade  of  x  per  cent. 

(4)  Under  the  conditions  of  these  tests,  the  tractive  resis- 
tance on  level  roads,  in  the  absence  of  wind,  is  composed  of 
(a)  displacement  resistance,  (b)  impact  resistance,  and  (c)  air 
resistance. 

(5)  The  displacement  resistance  varied  from  0.85  per  cent 
equivalent  grade,  for  a  hard  smooth  asphalt  or  bituminous 
concrete  to  1.6  per  cent  for  a  very  soft  tar-macadam  road,  and 
was  practically  constant,  for  all  speeds  considered,  on  any  given 
road. 

(6)  The  impact  resistance  increases  with  the  velocity,  with 
the  total  weight  of  vehicle,  and  with  increasing  road-surface 
roughness.  In  these  tests,  the  imi)act  resistance  of  good  asphalt 
or  bitulithic  or  other  smooth  pavement,  was  ])ractically  negli- 
gible, and  reached  its  highest  values  on  granite-block  roads 
with  sand -filled  joints,  and  on  badly  worn  macadam  pave- 
ments. The  rate  of  increase  of  impact  resistance  with  speed 
was  most  marked  on  the  roughest  roads. 

(7)  At  the  vehicle  speed  of  20  km.  (12.4  miles)  per  hour,  the 
air  resistance  for  the  vehicle  tested,  assumed  to  be  dependent 
only  on  the  speed,  was  roughly  0.11  per  cent  equivalent  grade; 
i.  e.,  from  4  per  cent  of  the  highest,  to  12.5  per  cent  of  the  lowest, 
total  tractive  resistance. 

(8)  The  following  urban  pavements  are  enumerated  in  the 
order  of  their  desirability  for  vehicle  operation  from  the  point 


d52  KEN  NELLY  AND  SCHVRIC:  (June  30 

of  view  of  tractive  resistance  at  20  km.  (12.4  miles)  per  hr., 
as  found  in  this  investifiatinn.  (1)  asphalt,  (2)  wood  block, 
(3)  hard  smooth  macadam,  (41  brick  block,  (£)  granite  block 
with  cement-tilled  joints,  (6)  cinder,  (7)  gravel,  (8)  granite 
block  with  sand-filled  joints. 

(9)  The  equivalent  grade  at  20  km.  (12.4  miles)  per  hr.  of  a 
badly  worn  city  macadam  road,  was  found  to  be  nearh-  three 
times  as  ^'reat  as  that  of  the  best  asphalt  road  tested.  This 
means,  at  this  speed,  a  consumption  of  tnerjiy  at  wheel  treads,  of 
nearly  three  times  as  mucli  im  k"\-el  poor  macadam  roads  as  on 
good  level  asphalt  roads. 

(10)  Increasing  the  gross  weight  of  the  vehicle  by  12  per  cent, 
throufjh  load,  was  found  to  have  no  effect  on  tractive  resistance 
within  the  observed  speed  limits  for  smooth  roads  in  good  con- 
dition; but  on  rough  roads,  a  distinct  increase  in  tractive  resis- 
tance with  this  extra  weight  was  observed. 

(11)  The  jjresence  of  a  layer  of  dust,  say  one  cm.  thick,  on  a 
fair  macadam  road,  was  found  to  increase  the  equivalent  grade 
of  tractive  resistance,  at  all  tested  speeds,  by  about  0.15  per  cent. 

(12)  A  freshly  tarred  and  therefore  vcr\'  soft  tar-macadam 
road  was  foimd  to  have  an  increased  tractive  resistance  equiv- 
alent, at  substantially  all  tested  speeds,  of  about  0.5  per  cent. 
The  tires  in  this  case  sank  about  0.8  inch  (2  cm.)  into  the  road 
bed,  the  gross  car  weight  being  2140  kg.  (4710  lb.) 

(lli)  The  total  range  of  tractive  resistance  equivalent  grade 
covered  in  the  tests,  was  from  O.flS  per  cent  on  the  best  asphalt 
road,  at  lowest  speed,  to  2.7  per  cent  on  the  worst  macadam  road, 
at  nearly  the  higlu-st  s]>ecd. 
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Discussion  on  "Tractive  Resistances  to  a  Motor  Delivery 
Wagon  on  Different  Roads  and  at  Different  Speeds", 
(Kenneli.y-Schltrig),   Cleveland,   Ohio,   June  30,  1916. 

A.  A.  Nims:  (coinmunicatcii  after  adjuurnmenl) :  There  is 
one  factor  of  tractive  resistance  which  has  not  been  sep- 
arated and  hsted  in  this  paper.  Its  value  may  be  of  small 
significance  and  perhaps  may  not  affect  the  accuracy  of  the 
results  to  any  great  extent,  but  its  existence  should  be  recognized 
at  least,  if  for  no  other  present  reason  than  technical  accuracy. 

The  authors  of  the  paper  define  "road  resistance"  as  "the 
horizontal  force  required  to  pull  the  truck  over  the  horizontal 
road"  and  "air  resistance"  as  "the  horizontal  force  on  the  truck 
required  to  overcome  the  resistance  of  the  air".  Eliminating 
"wind  resistance,"  the  power  delivered  to  the  driving  wheel 
treads  at  constant  speed  on  a  level  road  is  considered  equal  to 
the  simi  of  the  power  consiuncd  by  road  and  air  resistances. 
Yet,  in  calibrating  the  truck,  belt  losses  on  the  wheel  treads  are 
found  to  be  an  appreciable  item,  especially  at  the  lighter  loads. 

The  driving  wheels  of  any  self-propelled  vehicle  do  double 
duty — they  carry  a  large  share  of  ihf  load  and  also  deliver  to 
the  road,  by  a  friction  transmission,  the  power  for  propelling 
the  vehicle.  It  would  therefore  seem  logical  that,  in  evaluating 
"the  horizontal  force  required  to  pull  the  truck"  the  losses  of 
the  friction  transmission,  consisting  of  driving  wheels  and  road, 
be  considered  in  additiuit  to  thu^t;  Iraimmission  losses  that  occur 
entirely  within  the  vehicle  mechanism.  A  simple  means  of 
covering  all  these  losses  is  to  make  the  term  "vehicle  efficiency" 
include  all  losses  from  the  battery  terminals  to  the  ground  in- 
stead of  to  the  wheel  treads  only.  When  "vehicle  efficiency" 
has  this  meaning,  it  may  be  used  to  determine  a  value  of  vehicle 
output  which,  at  constant  speed  on  a  level  road,  is  equal  to  the 
power  required  to  tow  the  vehicle  under  the  ^ame  conditions. 

O.  R.  Schurig:  In  the  discussion  communicated  by  Mr.  Nims, 
the  "vehicle  cfiiciL'iicy".  (i.e..  the  efficiency  from  battery  ter- 
miiiaU  to  llie  ground)  is  mentioned  as  being  technically  more 
accurate  llian  the  "overall  efficiency  of  driving  mechanism",  the 
latter  meaning  the  efiteiency  between  battery  terminals  and 
wlicel  treads,  the  dilTercnce  between  the  two  efficiencies  being 
that  in  the  first,  the  losses  in  the  tire  treads  are  considered  as 
pan  !<(  tile  vrhiile  losses;  while  in  the  second,  they  are  con- 
sidered as  ])arl  of  the  jinwer  delivered  l)v  the  vehicle.  In  order  to 
griiup  the  tire-tread  looses  among  the  vehicle  losses,  it  would  ob- 
viously ]jv  necessary  to  separate  the  former  from  the  losses 
occurring  in  the  road  surface  ]iroper.  Since  an  accurate  practical 
method  for  the  separation  of  these  two  mutually  dependent 
losses  is  not  knciwn  In  the  authors,  llie  "vehicle  efficiency"  as 
defined  by  Mr.  Nims  seems  to  bo  purely  theoretical.  If  the  latter 
efficiency  were  practically  obtainable,  it  would  seem  to  be  less 


1916]  DISCUSSION   AT   CLEVELAND  955 

useful  than  the  overall  efficiency  employed  by  the  authors,  be- 
cause it  would  be  dependent  not  only  on  the  truck  speed  and 
battery  output,  but  also  on  the  nature  of  the  road  surface. 

The  "overall  efficiency  of  driving  mechanism"  as  defined  and 
determined  in  the  paper,  (1)  is  believed  to  be  technically  accurate, 
because  it  takes  account  of  all  components  of  the  power  origina- 
ting at  the  battery  terminals;  (2)  it  is  readily  obtainable  ex- 
perimentally by  the  procedure  outlined  in  the  paper;  and  (3) 
it  is  the  term  employed  in  the  determinaton  of  all  those  portions 
of  the  battery  output,  which  are  dependent  upon  the  nature  of 
the  road  surface,  i.e.,  the  joint  tire-tread  and  road-surface  losses. 
These  joint  losses  serve  as  a  basis  for  the  calculation  of  the  hori- 
zontal force  required  to  move,  at  constant  speed,  a  truck  having 
ordinary  tire  losses,  but  being  otherwise  frictionless. 
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APPLICATION    OF    A    POLAR    FORM    OF    COMPLEX 

QUANTITIES    TO    THE    CALCULATION    OF 

ALTERNATING-CURRENT  PHENOMENA 


BY  N.  S.  DIAMANT 


Abstract  of  PAr-FR 

In  the  calculation  of  alternating-current  phenomena  by  means 
of  complex  quantities,  as  a  rule,  the  rectangular  components 
of  the  vector  are  used,  and  the  rectangular  form  involving  the 

operator  J  =  V  —  i  is  more  common  than  the  polar  or  exponen- 
tial forms  which  involve  the  operators  (cos  e  -h  7  sin  e)  or  «/  ; 
although  it  is  recognized  that  the  latter  are  v^ery  convenient  in 
certain  cases. 

A  simple  method  for  dealing  directly  with  the  vectors  them- 
selves is  described  in  the  paper  and  it  consists  in  introducing 
the  operator  j",  where  w,  contrary  to  ordinary  usage,  may  be 
any  positive  or  negative  fraction.  Just  as  j  or  /*  rotates  the 
quantity  before  which  it  is  placed  through  1  x  90  degrees,  so 
j^  rotates  the  number  into  which  it  is  multiplied  through  w  X  90 
degrees. 

The  operator  j«  follows  the  rules  of  ordinary  algebra  and 
according  to  these  the  different  algebraic  operations  of  multiplica- 
tion etc.,  are  developed  in  section  II.  In  section  III  a  few 
illustrative  problems  arc  given;  these  are  followed  by  a  critical 
r^sum^  in  section  IV.  At  the  end,  for  convenience  of  reference 
a  summary  of  formulas  is  given,  and  a  very  short  bibliography  is 
included. 


I — Introduction 

ACCORDING  to  the  usual  method  of  dealing'  analytically 
with  alternating-current  problems  a  stationary  vector^ 
representing  the  harmonic  quantity  under  consideration,  is 
expressed  algebraically  by  a  complex  nimiber  of  the  following 
forms: 

(a)  The  rectangular  form,  (see  Fig.  1). 

E  =  e  +  je'  (1) 

1.  As  to  the  classification  of  vectors  into  stationary,  rotative,  non- 
rotative,  etc.  an  interesting  paper  by  A.  E,  Kennelly,  Trans.  A.  I.  E.  E. 
June  1910,  may  be  consulted.  It  should  be  noted,  in  this  connection, 
that  in  electrical  engineering  we  deal  with  two-dimensional  rector  repre- 
sentation of  harmonic  quantities  rather  than  the  two-  or  three-dimensional, 
non-localized  true  vectors  of  vector  analysis  or  quaternions. 
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»•*!«■«  <   and  e'  are  the  rectangular  coordinates  of  the  point 
representing  the  complex  number 

<b)  The  polar  form,  (see  Fig    D- 


'  E  (cos  S  -\-  j  sin  6 


(S) 


where  E  =   'vV  +  e''^  and  6 


■(f) 


arc  the  polar  co- 
ordinates of  the  same  point  representinp  the  same  complex 
number  Equation  (2)  can  also  be  wTitten  in  the  exponential 
form  by  means  of  the  identity, 


i  0  -i-  j  sin  di 
E  =  Ef' 


(»>^ 


Convenient  and  useful  a^  it  is  in  eni:ineerint;  problems  (whether 
electrical,  civil  or  ineclianicali  invnlvinj;  vectors,  to  resolve  these 
intri  twi)  rcctan.ijulnr  comi>onents.  it  is  ijreferable  at  times  to 
deal  dtrecth-  with  the  vectors  themselves.  Indeed,  it  is  not 
uncommon  in  the  derivation  of  ;.,'enoral  expressions  for  ret;ulation, 
etc.,  to  use  \cctors  rather  Uian  their  oonii>oncnts;  for  instance, 
the  '|)rin][ir>  i  iiupiesscd  vnU:i-c  of  ii  tnuisfornier  ma_\-  be  written 


/■;,  -  /-:,,■.  1  +  Zi  1',  +  Zi  r  a-^ 


nstead   of, 


(4) 
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Equation  (4)  not  only  looks  simpler  than  (5)  but  it  is  a  much 
better  mathematical  shorthand,  so  to  speak,  since  it  allows  at  a 
glance  to  see  into  the  physical  meaninj^:  of  the  expression;  this  is 
ven''  important  and  valuable  in  engineering,  both  from  a  practical 
and  educational  point  of  view.  Translating  (4)  into  words  it 
will  be  seen  that  it  states  in  a  simple  and  direct  manner  that  the 
voltage  impressed  upon  a  transformer  =  (the  primary  induced 
voltage)  +  (the  exciting  current,  En  Fo,  times  the  primary 
impedance  Zi)  +  (the  load  current  [reduced  to  primary]  times 
the  same  impedance  Zi) ;  where  the  plus  sign  signifies  vector 
addition. 

In  actual  calculations,  however,  so  far  as  the  writer  is  aware, 
in  standard  a-c.  engineering  works  or  technical  papers,  use  is 
made  of  expression  (5)  rather  than  such  an  equation  as 

E,  =  ea  [  1  +  Zie^-  (  Y.e-^f'  +  ^  e~J''  )] 


=  Cix  fl  +  Zo  Foe>(«-^>  +Z,^  ^^(«-r)  J 


(6) 


The  object  of  the  paper  is  to  discuss  briefly  the  use  of  a  simple 
polar  form  of  complex  quantities  and  indicate  some  of  its  ad- 
vantages when  used  either  by  itself  or  in  combination  with  the 
usual  present  day  methods. 

II — Principles 

1.  GeneraL  A  sinusoidal  c.  ni.  f.  or  current  may  be  repre- 
sented by  (see  Fig.  1) 

E  =  e  +  je' 
I  =  i+  ji' 


where  the  symbol  j  {=  V  —  1),  as  it  is  well  known,  rotates  the 
quantity  before  which  it  is  placed  through  90  deg.  However, 
since  J  follows  the  laws  of  ordinary  algebra '\l\?>  iin\AVQ\y  plausible, 
and  interesting  to  inquire  into  the  meaning  of  j**,  where  «,  con- 
trary' to  common  usage  is  not  an  integer  hut  any  positive  or 
negative  number. 

Just  as  j  or  j^  indicates  rotation  through  90  X  1  deg.  and  j^ 
indicates  rotation  through  90X3  deg.,  so  j*  must  be  interpreted 
as  rotation  through  90  X  j  =  45  deg.      In  general  Aj**  (a  >  0) 
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may  be  interpreted  as  rotation  of  the  number  A  through  90  X  a 
deg.  or  — ^  a  radians  in  the  positive  or  counter-clockwise  direc- 
tion; similarly:  Aj~' (a  >  U)  represents  a  vector  which  has 
been  turned  throuuli  a  —^    radians  in  the  negative  direction. 

Thus  the  exponent  of  J  may  be  any  number  and  it  indicates  the 
phase  relation  of  the  quantity  under  consideration.  For  in- 
stance ,  an  e.  m,  f.  of  E  volts  and  BO  de^-  out  of  phase  with  the 
current  will  be  represented  accordint;  to  the  above,  as  £  =  Ej"^ 
where  a  =  (GO/DO)  =  2/3  and  I  =  If  =  J.  sincej  to  the  zero 
power  =   1,  just  as  for  any  other  algebraic  quantity. 

If  desired  the  above  statements  can  also  be  proven  by  means 
of  De  Moivrc's  theorem,  as  follows; 


(cos 


■■  iMoivrc  s  ineorcm,  as  loiiows;  ■ 


i.  c  the  operator  _;"   is  identical  with  (cos  B  -\-  j  sin  8),  where 


Miiltipiicatwn  and  Division.      As  we  have  seen  a  vector 

m  be  represented  as; 


A   =  a  +  ja',  or 

(7') 

.4  =  Aj' 

(7) 

Similarly  a  vector  6  can  be  written  as: 

K  =  b  +  jh'.  or 

(8') 

B  .  Kj' 

(8) 

AccorilinK  to  tlie  ordinary  metjiod. 

AB  =  iab  -  a'  b')  +  j  (afc'  +  a' b) 

(9) 

ioi  t:     It  will  fuund  convenient  to  denote  angles  in  degrees  by  a  ,p 
and  the  Mime  angles  in  radians  by  a' .  0'  etc.      In  the  method  herein 
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But  a  =  A  cos  a'^.a^  =  A  sin  a°;b  =  B  cos  j3°and6'  =  5  sin  ^ 
where  a°  =  (90  a)  deg.,  and  i3°  =  ( jS  90)  deg. 
Substituting  in  equation  (9)  we  get: 

AB  =  ^5(cos  (a°  -  0"")  +  j  sin  (a°  -  /3^)) 

The  last  expression  according  to  the  notation  under  discussion 
becomes : 

AB  =  ABf-+fi^  =  Cj*  •  (11) 

Translating  (11)  into  words  it  will  be  seen  that  the  product  of 
two  harmonic  quantities  represented,  as  vectors  A  and  B  by 
means  of  complex  quantities  of  the  form  (7)  or  (7')  and  (8)  or 
(8')    is   equal    to   a   new    quantity    C  =  AB    turned     through 

(-^51  radians  with  respect  to  the  reference  axis. 


Similarly  it  will  be  seen  that, 

A  A 


B  B 


jia  -  a)  (12) 


If  in  equation  (12)  A  represents  an  e.  m.  f.  and  B  a  current 

produced  by  it,  their  quotient,  the  impedance  of  the  circuit,  is 
given  by: 

Z   =   Zjr 

m 

where  Z  =  A/B  and  7  =  (a  —  /3).  In  this  connection  it  is  of 
interest  to  consider  in  a  little  detail  the  meaning  of  the  reciprocal 
of  a  plane  vector,  such  as  Z  =  Zf 

Let  Y  be  the  reciprocal  of  Z;  then  by  definition, 

FZ  =  1  =  (  Yj-}    (Zjr) 

m  • 

=    YZj^'+r)    =    1/ 

i.e.,  (c+  7)  =  0  or  €  =  —  7. 
In  short,  it  is  seen  that  the  reciprocal  of  a  vector  Z  =  Zjr 

m 

is  a  new  vector  turned  through  ( —  7)    ^    radians  and  having  a 

length  equal  to  (1/Z).  The  great  simplicity  of  this  result  is 
not,  of  course,  unknown  in  connection  with  the  exponential 
representation  of  a  vector;  but  it  is  not  shared  with  the  ordinary 
notation,  and  the  average  student  or  even  engineer  is  loath  to  use 
such  expressions  as : 


962  DIAMANT:  AC.  PHENOMENA   CALCULATION  Uune  SO 

since  the  admittance  Y  in  terms  of  r,  .t  and  Z  is  rather   involved 
and  its  physical  meaning  is  not  quite  apparent. 

In  general  the  product  or  quotient  of  any  number  of  vectors 
can  readily  be  written  down: 

/IB  etc.  ^Setc,    .,    ^.„. ,  .  ,.^.„-. 


CZletc.  CD  vie.  ■'  ' 

3.  Addition  and  Subtraction.     Consider  two  vectors,  A  and  B: 

A   =  Aj-  =  a  +  ja-  (14j 

B  =  Bj"    =  b  +jb'  (16) 

Their    sum  C  in  terms  uf  rertan^iular  components  ia: 

C  =  Cj'  =   la  +  b.i  -Hi  (a'  +b')  (Ifl) 

whence,  placing  ai' =   -^  a  and  >?'  =   -^  /J, 

C  =   A-  -i-  fi^  +  2  .-IB  cn^  I  ij-  -  rt'i  (17) 

This  follows  also  directlv  from  elementarv  trigonometry,  (see 
Fit;-   21. 

The  piiase  angle  5'  =    —  5  can   be    calculated    by   means     of 

one  of   the    following    cxi)ri'ssions. 

V        ,     ..,    .4  ^in  g  '  +  B  sin  jj' 


..(,..,  V^^I) 


(19) 


where         2  .S"  =  .-1   +  B  +  i '. 

Similarly  Uie  sum  of  ihree  or  mare  vectors  can  be  obtained 
by  the  use  of  liie  above  fonnulas;  however,  iudj^ment  should 
be  exercised  in  tlie  choice  of  the  method  or  methods  to  be  used 
in  anv  ,L;iveii  problem  in  order  to  simplify  calculations  as  much 
as  possible.  Thus  in  case  of  more  than  two  vectors  it  may  be 
more  convenient  to  obtain  the  resultant  bv  means  of  the  rec- 
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To  find  the  diflference  of  any  two  vectors  A  and  C  (see  Fig.  3) 

it  may  be  noted  that  il  A  =  A  j*  then  —  ^  is  equal  to  A  f  and 

•  •  •  * 

consequently, 


B  =  Cj*-  Aj' 

=  C  j«  +  A  j-  +2 


(20) 


where  q:°  =  90  a  and  (a  +  2)  =  (a°  +  180)  deg. 
Therefore  according  to  equation  (17)  we  get: 

B^    =  C2  +  ^2  _  2^Ccos  (^°  -  a°) 


(22) 


Fig.  2     ^ 

The  phase  angle  is  given  by : 


^o        .       i  C  sin  8°  —  A  sin  a® 
j8°  =  tan-^  — 


C  cos  d°  —  A  cos  a^ 


Fig.  3 


(23) 


In  this  connection  it  may  be  noted  further  that,  (see  Fig.  3) 


B  =  C-A  =  Cj*  +  ^  jc^+o)  =  (Q"<2+'>  +  Aj'  )/.      (24) 


or 


Bj^'  =  iCf  +  A)  =  (A  -  C) 


(26) 


4.  General  Expression  for  Power.  The  general  expression  for 
power  which  applies  to  a-c.  or  d-c.  circuits  of  any  wave  shape  and 
phase  displacement  is: 
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where  e  and  /  are  instantaneous  values  expressed  as  functions  of  tlie 
time,  /,  or  the  time  anj;]e,  6.  and  in  the  simplest  case  when  e  and 
i  are  constant,  P  =  EI.  If,  however,  r  and  i  are  [;iven  by  a 
Fourier's  series,  products  of  harmonics  of  different  frequenciee 
will  contribute  nothing,  and  for  the  nth  harmonic  the  power 
P^  will  be  given  by: 


Pn     =    ;-    (£„  „„    /„  , 


s  a")  =  £b  /«  cos  a 


(27) 


where  £«  and  /,  are  the  effective  values  of  the  nth  harmonic  of 
e,  m.  f.,  and  current,  and  a"  =  (flO  a)  deg.  is  the  phase  angle 
between  £„  and  /,. 

According  to  our  notation  if  E^  =  E„f'  and  /„  =  /„  then, 


If  in  (general  (see  Fij;.  4) 


c  .  £.,.,  sin  (»  +  a'l 

(28') 

i  =  U^.  sin  {  e  ±  ^) 

(29') 

E  .  Ej- 

(28) 

1  .  Ij-' 

(29) 

where  E  n\v\  I  reprcsiMiL  the  ciTocLivc  values  of  E,„„^  and  /«,^ 
liiidu:''  =  (!ni  «)  dc^,  iui'l  fi'^MUl  ^)  de;;.,  the  jjower /"  will  be: 


-/• 


(30) 


-  ;•: ;  ms  w'  -  fO  (31) 

■  iS  may  Iil-  ]iositi\e  or  not;alivc-.  i  e    whettier  the  current 
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Comparing  this  result  with  the  usual  rectani^ular  notation  we 
have: 


(ei)  (id  =  En  In  (cos  a°  cos  i3°+sin  a°  sin  5°)         (32) 

=  eidte'  r  (33) 

where  En  =  {en  +  jej)  and  /„  =  (t„  T  jin) 

The  general  expression  (31)  is  very  simple  and  it  states  that  the 
power  in  any  circuit  due  to  any  harmonics  of  the  same  order  is 
equal  to  the  product  of  the  r.  m.  s.  value  of  voltage  and  current 
into  the  cosine  of  their  (algebraic)  phase  difference.  As  to  equa- 
,  tion  (32)  it  is  seen  that  it  can  be  translated  into  the  general  law 
that  the  power  produced  by  a  voltage  £  =    {e  +  je'),  and  a 

current,  I  =  {i  dz  j  i'),  is  given  by  the  real  part  of  their  product, 

with  one  important  provision  of  reversal  of  sign.  This  change  of 
sign  impairs  the  simplicity  of  the  rule  although  it  may  be  ac- 
counted for  by  introducing  the  idea  of  double  frequency  quanti- 
ties, etc.;  however,  this  seems  rather  unnecessary  and  round 
about  since  it  is  not  advisable  to  define  average  power  as  the 
product  of  two  (plane)  vectors,  in  the  first  place;  it  is  best  to 
base  definitions  on  general  and  fundamental  propositions  as  it 
was  done  above. 

5.  Logarithm  of  Aj**.     This  is  readily  obtained  by  following 
the  rules  of  algebra  according  to  which : 

log(^/)  =  log^  +log(/)  (34) 

=  log  ^  +  wlog  (j)  (35) 

But  the  logarithm  of  any  complex  quantity  a  +  jb  is  known  to 
be: 

log  (a  +  jb)  =  log  ( Va2  +  ^-i)  +  j  (^  +  2  tt  m)         (36) 

where  0  =  tan~^  (b/a)  and  m  is  any  integer  which  for  simplicity 
can  be  taken  as  zero.     Consequently, 

log  U)  =  log  U  I)  =j(j  +2ir  m)  (37) 

and  therefore  substituting  (37)  in  (35) : 

log  (Af)  =  log  ^  +  j  I  n  +  2  TT  w  «  (38) 

where  m  may  be  assumed  to  be  zero. 
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.  Differentiation.     .Assummji    again    that    tht:     nperator   j" 
be  treated  as  an  ;il[,'ebraic  quantity  we  have: 

d{A)  =  ,i{Aj') 

^  j'-d  U)  +  A-d  W)  (89) 

issuming  that  (7")  follows  the  rules  of  calculus  we  have: 


d  {j'}  =  f  ■  log  ij)  ■  dn 
Vhence  substitutinji  (37)  and  (40)  in  equation  (39): 
diA)  =  r    ,/-4  +  ^|  .;■'-  +  ■'   rfH 

"he  same  result  can  also  be  obtained  as  follows: 

i'he  differential  of  a  complex  quantity  is  known  to  be: 

d{A)=d{a-^ja') 

=  diA  cone  -\'  j  A  sill  d\ 

=  cosB-  d  A  -  A  .  sin  Odd 

+  j  (sin  d  -dA  +  A     COS  B    d  6) 
=  (cos  0  +  j  sin  6)  d  A 

+  A  d  ej  (cos  e  +  j  sin  9) 


(M) 


III      Ii.n  siRATivii  Problems 
n  order  to  illustrate  the   use  and  application  of  the  method 
t  described  a  few  simple  examples  will  be  considered, 
DA   Y-cojinected  j;eneraliir  feeds  an  unbalanced  A-connected 
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^ - 


,v  vr.,>\\t^  ii\  l^'iK    ').     To  find  the  respective  phase  and  line 

-iv    \olta^:rs,   |)hase  angles  and  power. 

..  ,m>O^Um»i  will  be  solved  by  the  use  of  complex  quantities 
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B. 

/a    =    {I\pk  —   Izpk)       =    {Uph  —   isph)     +  .;  {i'ph  —   i'lph) 

•  •  • 

/b    =    (/jpA  —   liph)       =    {i^ph  —    Hph)     +  j  {i'iph  —   i'iph) 
.  •  •  • 

/C    =    (liph  —   I\ph)       =    (iiph  —  i\ph)     +  .;  {i^2ph  —  t'lj.*)     . 

•  •  • 

where, 

(iipk  +  j  i'lph)  =  I(ei2  ri  +  e'n  x,)  +  j  (e'u  ri  —  eu  ati)]  Zr* 

(tjp*  +  J  »'jp*)  =  [-  e'w  ACS  +  j  e'ii  rt]  Zj-^ 

(tip*  +  j  iiph)  =  l(C)i  rj  +  «3i  :«;j)  +  j  (e'ii  r,  -  en  xi)]  Zr* 

C. 

/B  =  [-|-  cos  (-^  -   7')  -   ^  sin  ^'] 

/c  =  [-^sin^'--A-cos(^-a')] 

In  case  of  method  D  in  order  to  carry  on  actual  computation 
for  /a,  /b  and  h  it  is  necessary  to  make  recourse  to  one  of  the 
other  methods. 

In  regard  to  the  expression  given  under  B  and  C,  it  may  be 
noted  that  the  square  root  of  the  sums  of  the  squares  of  the  two 
components  has  to  be  taken  in  order  to  find  the  magnitude  of 


♦■pn*^     1 « «n  «-h      ^^« «  «»«*tf-h*^  4-r^        #4  §  r*       r\ -^^  r^        f  g 
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(J'         ~    Uli 


/ipA  sin  (—^  -  7'j  +  Itpk  sin  (^  +  ff'j 
Itpk  cos(-~^  -  7'j  -  Itpk  cos  ( -^  +  P'j 


-  liph  sin(  "2   +   0'j  -  I\ph  sin    ( -^  -  a'j 

A"      ^  tan* ^ r ^ r 

liph  cos  (^  +  jS' j  -  /iM  sin  (^  -  a'j 

"A  ht-re  ^'^  =  90  5  degrees,  and  similarly  for  the  others. 


;o 


B 

*   IpA  —   *  3pA  /JO  t  jpA  —   t  tpk 


tan-'  Ai£5 ^^21  0o   = 


^ipA  ■"  tspA  tiph  —  tiph 


'J  1  ' 


y  =  tan-'   ^'^*~^"^* 

^2pA  ~    ^IpA 
C 


—yT-  Sin 


(^  -  "')  -  ^  ""  (^  -  ^') 
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Cand  D 

P  E^  E^ 

P\ph  =  -^-   cos  a°  Piph  =  -^—  cos  i3°  PspA  =  -5r-  cos  7** 

^1  Z^2  ^3 

which  are,  of  course,  similar  to  the  expression  given  for  method  A. 


I'M  uiucriLtti  CAciiupie 

;.   i-*eL  ZL   =    iuu;  jz.ph  — 

V3 

45" 

and.  Zi  =  1.   7»o'» 

0.707  +  7  0.707 

20" 

Z2  =  1.2  j9o- 

=      1.128  +i  0.408 

lO" 

z,  =  1.37  ««*• 

• 

=  1.28     -  7  0.226 

then, 

150 
Zip*   =  100  j   ''^' 

110" 

I2,H  =  83.3  j    '-^^^ 

/.^ 

160* 


■  •  • 

/a      =  [Too*  +  77*  -  200  X  77  cos  175**]*  =  177  amperes. 


•^=^2 


/b      =  [83.3'  +  77"  -  2  X  83.3  X  77  cos  270^]*  =  114  amperes. 


/c      =  [83.3'  +  100'  -  200  X  83.3  cos  95°]*  =  137  amperes. 

50  =18°      =5  (90°);  5  =  0.2 
0°  =  112.8°  =  e  (90°);  e  =  1.255 
X°  =  202.8°  =  X  (90°)  X  =  2.259 

Power  at  load: 

Pi  =  100  X  100  X  cos  45° 

=  1  X  loo'  X  cos  45°         =  7070  watts 

P2   =  100  X  83.4  X  cos  20° 


2 


=  83.4'  X  1.12  X  cos  20°      =  7860  watts 

P,  =  100  X  77  X  cos  10° 

=  77*  X  1.3  X  cos  10°  =  7600  watts 
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Power  at  t;eneralor: 


177  X  -^   X  cos  18"     =  »7I0, 
V  .1 


Pt    =  114  X    '-^  X  cos  120°  =  H520 


Total  jjower  at  [generator  =  22.o2U  watts 
The  vector  diat^ram  is  shown  in  Fi^!.  fi. 

2.  A  load  having  a  variable  power  factor  and  consuming  a 
constant  voltaRC  is  supplied  through  an  inductive  line  whose 
characteristics  are;  (/  +  jx  )  =  Z  =  Zj'  .  To  investigate  the 
efTect  of  leading  and  la^'giiig  current  on  the  generator  voltage. 

Taking  the  load  voltage  as  the  reference  vector,  the  generator 
voltage,  Eg.  is: 

Ji,  =  "  -i-  Ij'^.Zj'  =  *T  +  IZf-"^ 

where  the  positix'e  sign  refers  to  leading  and  the  negative  sign 

to  lagging  current. 

Inasmuch  as  wc  are  dealing  with  vector  addition  of  a  quantity 
(/Z).  making  (a°  ±  (J°|  degrees  with  a  horizontal  line  (e)  volts, 
a  little  consideration  will  show  that  for  any  given  value  of  (3* 
the  resultant  Eg  will  be  larger  when  0°  is  negative,  i.  e.  when  the 
load  is  inductive  than  when  the  load  is  condensive.  Indeed  it 
is  not  difficult  to  form  a  mental  picture  of  the  sum  of  the  two 
vectors,  -■  :mA  ilZij'"'".  and  see  that  when  (a"  ±  0°)  =  0. 
/■",■  is  maxinnnii.  and  when 

in'  ±   (i°)  =  IKI"  £f  is  minimum. 

Siippiisi-  ni>w  «e  prove  this  elementary  but  fundamental 
proposition  liy  means  of  the  usual  rectangular  form  of  complex 
quaniitius; 

E^  =  |m'  +  ir  -  i'x-y  +  [i'r  +  i".v|-]*,  for  leading  current. 
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3.  Finally  consider  the  calculation  of  the  characteristics  of  a 
long  transmission  line  with  distributed  inductance  and  capacity. 
It  is  known  that  the  voltage  and  current  at  any  point  along  the 
line,  at  a  distance  /  from  the  receiving  end,  are  given  by  the 
following  expressions: 

El  =  Er  (1+  ZY/2  +  Z^r/24)  +  ZIr  (1+  ZIVG  +  Z^Y^/120) .. 
•  •  ••  ••  ••  ••  •• 

/i  =  /,  {1+ZY/2  +  Z»  1^/24)  +  Ylr  (1+  ZY/G  +  Z^Yy 240).. 


Generator  phase  voltages,  Ei.ph.  G.  etc.,  line  voltaRes,  En,  etc.  ate  to  same  scale.  Phase 
currents  of  load,  J^ph  L  etc,  and  line  currents,  /a  etc.  are  to  same  scale  which  is 
different  from  the  voltage  scale. 


where  Z  and  Y  are  the  impedance  and  admittance  of  the  length 
of  the  line  under  consideration,  and  the  subscript  refers  to  the 
receiving  end.  These  equations  are  fairly  long  for  purposes  of 
calculation  on  account  of  the  many  multiplications  involved 
furthermore  computations  become  rather  tedious  owing  to  the 
fact  that  ordinarily,  either  the  real  or  imaginary  components  of 
some  of  the  quantities  involved  are  very  small,  but  still  cannot 
be  neglected.  These  objections  will  remain  true,  although  to  a 
lesser  degree,  even  when  the  equations  are  simplified  by  dropping 
the  terms  containing  Z^  and  F-.     For  the  sake  of  comparison  the 
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e.  m.  f.  equation  is  yiven  in  the  usual  notation  and  in  the  one 
discussed  above: 

£i  =  (e,  +>'.)  |1+  (r  +  >)  (g  +jb)/2  +  {r  +  jx)  (i,  +  ji.')\    J 

E,  =  E,j'  +  E.zyf  +  '  +"  +  IrZf+'>  ^ 

As  an  example  the  cuires  in  Fig.  7  give  the  characteristics  of  a 
transmission  line  ^^00  miles  long  and  delivering  20,000  kw.  at 
100  kv.  (or  100/  V  3  to  neutral)  with  a  periodicity  of  25  cycles  per 
second.  The  line  consists  of  two  No.  00  B.  &  S,  aluminum  con- 
ductors in  parallel,  spaced  7  ft.  apart  and  strung  on  separate 
steel  towers.     The  resistance  is  32.2  ohms,  the  inductive  react-  , 


I 


ance  is  4IJ7()  ohms  and  the  condensive  reactance  is  0.664  ohms 
per  conductor. 

The  calculations  are  too  lengthy  to  be  given  in  detail  and 
would  be  of  little  value  since  nothing  can  take  the  place  of  testing 
for  ones"  self,  by  actual  calculations,  the  advantages  and  dis- 
advantages of  the  dilTcrent  methods, 

I\' — Ckitic.\[.  R[;si ■^[li  and  S^■^[MARY 

It  has  been  shown  that  without  any  radical  modification  of  the 

present    day   method    of  alternating-current   technology   it   is 

possible  to  deal  in  cah-tdalions  directly  with  vectors  in  a  simple 

manner  by  usini;  tlie  polar  form  of  complex  quantities  involving 
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the  operator  J"  =  (v^—  1)« ,  which  indicates   rotation  through 
90  a  deg.  in  the  positive  direction.     Thus, 

E  =  £;"  ,  in  the  polar  form  given  herein ; 

E  =  e  +  je',  in  the  rectangular  form. 

The  choice  of  mathematical  methods  and  notations  is  neces- 
sarily to  a  certain  extent,  influenced  by  personal  tastes  and  it  is 
not  practicable  to  give  any  general  rules  as  to  when  the  notation 
given  herein,  either  by  itself  or  in  combination  with  others,  will 
prove  most  advantageous.  At  present  some  engineers  prefer 
to  use  trigonometric  methods  entirely,  while  others  employ 
complex  quantities  almost  exclusively;  still  others  use  either  of 
these  methods  or  exponentials  and  hyperbolic  functions,  etc. 
according  to  whichever  they  think  lends  itself  best  to  the  case 
under  consideration.  Although  the  last  ones  are  probably  in 
the  minority,  it  is  no  doubt  best  to  avail  oneself  of  the  peculiar 
advantages  of  the  diflFerent  notations  so  far  developed. 

The  judicious  choice  of  either  the  rectangular  or  polar  form  of 
complex  quantities  as  given  here  and  the  judicious  combination 
of  the  same  in  dealing  with  alternating-current  problems  will  be 
found  useful  in  the  theory  and  calculation  of  alternating  cur- 
rents and  alternating-current  machinery. 

For  convenience  of  reference  the  summary  below  is  given: 

1.  A  sinusoidal  or  equivalent  sinusoidal  function  may  be  rep- 
resented by  means  of  one  of  the  following  notations:*^ 

(1)  A  =  Ar 

(2)  A  =  a  +  ja' 

(S)  A  =  A  (cos  a°  +  j  sin  a°) 

(4)  A  =  A  eJ-' 

(5)  A  =  A/»^ 

m 

Where  -^  a  =  a'  radians  and  a  90  =  q:°  deg. 

2.  The  exponent  ol  j  in  (1)  is  a  number;  the  exponent  of  (4)  must  be 
j  (radians);  and  the  angle  in  (3)  and  (6)  may  be  expressed  in  radians  or 
degrees.  In  this  connection  it  may  be  noted  that  (6)  is  more  of  a  symbol 
than  a  mathematical  notation. 
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II.  The  ])roduct  of  any  number  of  vectors  is: 

B  =  ABC  etc.  =  (ABC  etc.)  (/»  +/J+retc.)) 

•  •      •      • 

III.  The  quotient  of  any  number  of  vectors  is: 
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IX.  Some  other  expressions  of  interest  are  as  follows: 

1.  A  =  A  ;**  or  strictly  A  =  ^7"+'*'",  where  m  may  betaken 

as  zero,  this  being  the  usual  practise  in  all  similar  cases.     For 
instance,   1/2  =  sin  7r/6  or   strictly   1/2  =  sin  (Tr/O  +  2  ir  m) 

2.  (i4j«)~  =  A"^  (.7'"").     Similarly, 

m  

VAJ    =    yll/»«.j«/m 

r 
J  a-r 

3.  7«  =  e  =(cos  a°  +  j  sin  a  ),   where   (a  X  90)    = 

(a°)  deg. 

Therefore,     j  =  V  -  I  =  eJ  '/^ 

4.  log  i  =  log  {e^  '/^)  =  7  J 

logj«  =  log  ((?>"  '/•-)  =j  a  — 

In  conclusion  the  writer  wishes  to  thank  Mr.  W.  C.  Graustein, 
of  the  department  of  mathematics  of  the  Rice  Institute,  for 
valuable  criticisms  and  suggestions. 
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Discussion  on  **Application  of  a  Polar  Form  of  Complex 
Quantities  to  the  Calculation  of  A-C.  Phenomena" 
(Diamant),  Cleveland,  Ohio,  June  30,  1916. 

Alexander  Gray:  Every  September,  before  I  meet  my  classes, 
I  have  to  review  the  subject  of  complex  quantities  as  applied 
to  the  solution  of  the  problems  in  electrical  engineering  because, 
during  the  rest  of  the  year,  I  never  have  occasion  to  use  this 
method  in  my  own  work. 

I  am  afraid  that,  in  some  of  our  schools,  the  use  of  this  method 
is  carried  to  extremes.  An  induction  motor  for  example  becomes 
a  curly  line  and  is  called  r  +  j  x  but,  while  the  solutions  obtained 
are  elegant,  the  student  does  not  always  know  what  they  mean 
nor  does  he  obtain  such  an  idea  of  the  operation  of  the  machine 
as  to  argue  regarding  its  characteristics  when  away  from  his 
formulas. 

It  is  true  that  in  circuit  work  solutions  may  more  readily  be 
obtained  by  the  use  of  complex  quantities  than  by  other  methods 
but  I  find  that  if  the  problem  is  not  in  the  book  the  student  is 
not  satisfied  with  the  solution  until  he  has  checked  it  by  vector 
diagrams  and  trigonometry. 

Unfortunately  the  average  student  is  not  equipped  with  suffi- 
cient mathematics  to  understand  what  he  is  doing  when  he  uses 
the  methods  of  Dr.  Steinmetz  or  this  elegant  method  now  sug- 
gested by  Prof.  Diamant. 

E.  E.  F.  Creighton:  I  think  it  is  very  exceptional  indeed  that 
mathematics  is  used  after  leaving  college.  Men  come  to  me,  who 
have  been  out  of  college  a  year,  and  are  unable  to  use  the  mathe- 
matics which  they  learned  there.  Of  course,  there  are  excep- 
tions. I  should  say  this  condition  is  somewhat  a  reflection  on 
the  methods  of  teaching  mathematics.  There  are  a  good  many 
things  interesting  about  mathematics,  although  you  would  never 
know  it  by  the  way  it  is  taught. 

It  happens  that  other  methods  seem  to  be  favored  in  the  indus- 
trial concerns.  One  can  get  a  solution  of  a  problem  in  general 
more  quickly  and  better  by  some  non-mathematical  method. 
I  must  say,  howev^er,  I  have  had  several  men  with  me  who  have 
been  of  the  greatest  help  to  me  by  being  able  to  use  freely  the 
mathematics  favored  by  Dr.  Steinmetz. 

May  I  ask  Mr.  Diamant  just  where  is  a  good  place  to  apply 
this  mathematical  method? 

John  B.  Whitehead:  I  want  to  ask  Professor  Gray  what  is 
his  explanation  and  justification  of  the  original  vector  diagram. 
How  can  he  give  the  vector  diagram  to  a  student,  without  taking 
it  back  somewhere  to  a  mathematical  expression,  and  if  to  a 
mathematical  expression,  why  not  to  the  polar  diagram?  I  take 
it  that  he  will  agree  with  me  that  there  is  no  justification  for 
the  crank  diagram.  Therefore,  I  think  this  paper  should  be  of 
some  interest  to  those  of  us  who  have  to  teach. 
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do  not  supi^ose  Mr.  Diamant  will  claim  that  this  paper 
uld  be  used  by  the  work-a-day  engineer.  In  fact  I  question 
ither  Dr.  Steinmetz,  although  he  has  taken  his  own  method 
ar  into  the  range  of  application,  would  maintain  that  to  be 
3nd  and  object.  The  great  debt  we  owe  to  Dr.  Steinmetz  is 
having  developed  a  method  which  is  so  universally  applicable 
he  teaching  of  principles.  I  do  not  agree  that  the  exponential 
ression  is  the  proper  one  for  the  fundamental  instruction,  and 
ink  the  polar  diagram,  taking  its  origin  from  the  exponential 
ression,  and  the  method  of  division  into  two  components,  is 
most  valuable.  The  method  of  Dr.  Steinmetz  in  the  division 
)  two  components  seems  to  me  to  fail  at  the  problem  of 
,'er  expression — the  product  of  two  vectors.  The  present 
er  offers  something  to  fill  this  vacancy,  and  hence  merits 
;ntion. 

-.  H.  Colpitts:  Referring  to  Professor  Gray's  question  in- 
ning as  to  the  usefulness  of  Dr.  Steinmetz's  mathematics,  I 
safe  in  saying  that  the  telephone  engineer  at  least  finds  these 
hods  of  very  substantial  value  in  handling  many  problems. 
[.  S.  Diamant:  I  think  the  general  trend  of  remarks  was 
ut  complex  quantities  in  general,  rather  than  the  particular 
hod  given  in  the  paper  and  showed  a  little  prejudice  in  con- 
lion  witli  the  question.     Probably  this  is  mainly  due  to  the 

that  some  i^ersons  want  to  use  nothing  but  complex  quan- 
ts, while  a  <;reat  many  others  will  have  nothing  to  do  with 
n. 

n  regard  to  the  question  raised  as  to  the  usefulness  of  mathe- 
ics  I  think  we  must  recognize  that  mathematics  in  engineer- 
is  very  useful  as  a  tool.  I  could  gi\'e  actual  examples  where 
it  advance  has  been  made  by  the  use  of  mathematics,  and 
v'  wonderful  scieniific  and  practical  work  has  been  produced 
the  use  of  it.  After  all.  as  1  say.  I  am  not  here  to  defend 
hematics.  1  ihink  the  trouble  comes  in  when  we  use  too 
;h,  (^r  try  to  cox-cr  up  our  ignorance  1)\'  the  use  of  mathematics, 

that  is  (lone  (juiIl'  often;    you  will  find  it  in  many  so-called 


1916)  DISCUSSION  AT   CLEVELAND  981 

shorthand  by  means  of  which  to  visualize  vector  relationships. 
This  is  not  easy  to  do  in  complicated  vector  diagrams,  when  you 
have  to  deal  with  the  components;  when  for  example,  we  have 
^  +7^  equal  to  £,  or  similar  expressions.  It  is  easier  to  visualize 
the  different  phase  relationships  if  the  method  described  in  the 
paper  be  used,  rather  than  the  ordinary  method.  For  example, 
in  a  certain  case,  one  hundred  volts,  making  45  deg.  with  the 
horizontal  axis  will  be  represented  as   141  j*,    instead  of  100 

+  iioo. 

The  question  was  brought  up  by  Dr.  Whitehead  in  regard  to 
double-frequency  quantities.  Really,  that  does  not  come  en- 
tirely within  the  scope  of  this  paper.  I  would  like  to  take  that 
up  in  detail  with  Prof.  Whitehead,  but  here  I  may  say  that  per- 
sonally I  think  that  double  frequency  is  an  unnecessary  com- 
plication. It  was  introduced  by  someone  who  was  interested 
in  it,  and  I  think  it  leads  into  rather  unscientific  inconsistencies, 
and  I  do  not  think  it  has  any  importance. 

John  B.  Whitehead:  Perhaps  I  have  used  an  unfortunate 
expression  in  the  words  "double  frequency".  Certainly  I  have 
not  made  myself  understood  by  Mr.  Diamant.  I  simply  refer 
to  the  fact  that  it  was  not  meant  to  include  what  is  usually 
called  the  double-frequency  quantity,  which  is  treated  by  Mr. 
Diamant,  at  some  length. 

N.  S.  Diamant:  In  answering  I  may  say  that  some  persons  start 
with  vector  quantities,  and  use  these  exclusively  and  suppress  the 
use  of  instantaneous  values.  But  the  scientific  definition  of  power 
is  the  one  given  in  the  paper  involving  instantaneous  values,  where 
the  mean  power  is  obtained  by  integrating  or  summing  up  the 
instantaneous  power  over  a  half  cycle.  This  does  not  lead  into 
the  difficulties  of  changing  the  sign,  and  dropping  out  the  im- 
aginary portion  of  the  product  into  which  one  is  led  when  he  uses 
vectors  entirely.  This  vector  definition  of  power  leads  into  what 
we  might  consider  a  quaternion,  that  is,  a  quantity  made  up  of 
scalar  and  vector  components;  but  power  itself  is  a  kind  of 
scalar  quantity  since  it  is  fixed  when  its  magnitude  and  sign — 
whether  positive  or  negative — are  given,  and  it  requires  no 
additional  information  as  to  its  direction,  as  the  true  non- 
localized  vectors  of  vector  analysis  do.  The  double-frequency 
idea  is  designed  to  get  around  this  difficulty,  and  in  a  way  gives 
physical  explanation  of  it,  but  I  think  it  is  unnecessary,  and  a 
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A    DISTRIBUTION    SYSTEM    FOR    DOMESTIC    1 
SERVICE  FROM  COMMERCIAL  AND  ENGINEER 

STANDPOINTS 


BY  CARL  H.  HOGE  AND  EDGAR  R.  PERRY 


Abstract  of  Paper 

The  adoption  of  electric  heating  and  cooking  has  begun 
reach  such    large    proportions    that    the    average    distributi( 
system  is  unable  to  take  care  of  the  increased  load.     As  tl 
domestic  power  load  in  all  probability  will  increase  until  ever 
house  is  electrically  equipped,  this  paper  has  endeavored  to  la 
outa  distribution  system  to  take  care  of  this  class  of  business  an 
to  estimate  the  revenue  to  be  derived  from  it.     Units  of  loac 
consumption   and    revenue    were   taken   from    tests   conducte 
in  different  parts  of  the  city  and  applied  to  a  definite  section  c 
the  city  thought  to  be  representative,  as  it  contained  ever 
class  of   house,    with   schools,   churches,   etc.      In   view   of   th 
results    obtained,  it  would  seem  that  this  business  would    b 
profitable  at  a  still  lower  rate,  and  that  it  would  be  advisable  fo 
the  central  station  man   to  make  provision  for  this  increase 
load  when  rebuilding  any  lines  in  the  future. 


DOMESTIC  power  is  so  rapidly  attaining  large  propor 
in  the  central  station  business  that  present  distribi 
systems  and  practises  are  quite  inadequate,  and  it  is  daib 
coming  more  imperative  to  revise  our  methods  to  include 
class  of  service.  By  domestic  power  we  mean  all  the  electi 
that  is  used  in  the  home,  and  have  classed  it  thus: 

Lighting,  including  ironing,  washing  machines,  small  m^ 
and  appliances  of  all  sorts,  excepting  those  used  in  prepj 
meals. 

Cooking,  including  toasters,  chafing  dishes,  etc. 

Heating,  all  current  consumed  in  keeping  the  house  at  a  h 
able  temperature. 

Hot  water  heating  for  such  water  as  is  consumed  in  the  h( 
hold. 

The  past  few  years  have  brought  such  rapid  advances  u 
perfection  of  cooking  and  heating  appliances  that  our  d 
bution  systems  are  beginning  to  groan  under  the  load,  ha 
been  designed  to  provide  amply  for  ilhim'-^   '' 
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done  much  to  popularize  the  use  of  electric  current  for  all  pur- 
poses, and  the  central  station  man  is  becoming  more  concerned 
about  the  return  from  this  class  of  business.  Hence,  we  have 
prepared  herewith  a  preliminary  analysis  of  the  ultimate  con- 
ditions in  five,  or  ten,  or  twenty  years,  when  every  house  will 
be  electrically  equipped  with  light,  cooking,  heat  and  water 
heating,  and  have  designed  such  a  distribution  system  as  would 
be  required,  keeping  in  mind  the  commercial  aspects  of  the 
situation. 

In  order  to  arrive  at  definite  ends  we  have  made  numerous 
assumptions  of  conditions,  which  are  based  on  the  most  advanced 
knowledge  of  the  present  time,  and  from  these  have  projected 
our  hypothesis.  A  definite  section  of  one  of  Seattle's  leading 
residence  districts  was  selected  and  from  a  thorough  canvass 
each  house  was  assigned  to  a  class  rei)resentative  of  its  size  and 
electrical  consumption,  as  shown  on  the  accompanying  map, 
the  key  for  which  is  given  in  Table  I. 

This  district  is  known  as  Capitol  Hill  and  is  very  representa- 
tive as  it  includes  houses  of  every  type,  with  schools,  stores, 
etc.,  and  might  be  used  as  a  "  unit  "  in  estimating  similar  con- 
ditions for  a  city.  We  have  also  assumed  that  all  construction 
must  comply  with  the  State  Law  and  City  Ordinances  governing 
overhead  lines,  and  that  the  rights  of  other  public  service  com- 
panies must  be  observed,  and  further  that  all  apparatus,  wire 
and  materials  shall  be  such  as  arc  now  considered  as  standard. 
Our  assumptions  also  provide  that  no  further  houses  are  to  be 
built  in  this  district  and  that  property  now  vacant  will  be  util- 
ized for  park  purposes,  so  as  to  require  no  electrical  energy. 

During  the  past  two  years,  we  have  conducted  a  series  of 
tests  on  cooking  and  heating  loads,  the  results  of  which  have 
been  indicative  but  not  conclusive.  Certain  constants  and 
factors  have  been  determined,  however,  u])on  which  we  can  base 
our  computations.     These  factors  are  fully  defined  in  Table  II. 

For  the  lighting  we  have  taken  a  group  maximum  demand 
factor  of  25  per  cent  as  indicated  by  a  check  of  conditions  in 
this  district;  cooking  has  a  demand  factor  of  about  19  per  cent; 
heating  will  average  50  per  cent,  while  hoi  water  heating  as 
used  here  is  a  full  100  per  cent.  It  is  well  to  remember  that  these 
factors  will  vary  materially  with  the  kind  of  j)eople  who  use  the 
service  and  their  daily  habits,  hence  conditions  obtaining  in 
Seattle  may  differ  materially  from  those  in  other  cities.  In 
the  cooking  tests,  fifteen  ranges  in  different  parts  of  the  city  were 
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selected,  and  by  means  of  recording  meters  the  characteristics 
of  the  load  were  determined.  The  heating  tests  included  fifteen 
consumers  who  used  all  types  of  heating  apparatus.  From  these 
sources  then  the  data  of  Table  III  were  selected,  being  the  units 
of  load,  consumption  and  revenue  assigned  to  each  class  of 
house.  The  rates  applying  to  this  business  are  quoted  in  Table 
VI.     Having  chosen  suitable  units,  they  were  applied  to  the  dis- 

TABLE   II 
Definitions 

Connected  Load  »  Sum  of  the  rated  loads 

Maximum  of  the  resultant    curve 

^  xx     '  T^  J  o     X  combining  all  the  individual  max's. 

Group  Maximum  Demand  Factor  =  2 — _ __ — _ 

Connected  load 

r  ^'  '  1     t  XK     •  T^  jox  Individual  max.  demand 

individual  Maximum  Demand  Factor  =  7= t^ — z 

Connected  load 

.,  i^    1     T      J  w     i.  Total  kw-hr.  consumed  per  day 

Group  Daily  Load  Factor  =   — 7^ 5 ,   "^  ^. — - 

Group  max.  demand  X  24 

Peak  Demand  Factor  »  Per  cent  of  the  group  maximum  demand  that 

occurs  during  the  system  peak  between  5:30  p.m. 
and  6:30  p.m. 

T  J.  .J     1  r*    1    T      JO    s.         Kw-hr.  C3nsumed  per  day 

Individual  Daily  Load  Factor  -  — r-r 5 ^ — s-^r; — ^ 

Max.  demand  x  24 

Peak  Max.  Demand  =  Group  max.  demand  X  peak  demand  factor 

Arithmetical  sum  of  all  the  individual  maximums 

^  **  Maximum  of  the  resultant  curve  combining  all  the 

individual  maximums. 

The  term  "group"  is  here  used  toindicateall  the  appliances  of  one  class, 
such  as  "water  heaters."  or  "cooking/*  that  occur  in  the  district  under 
discussion. 

Lt.       »  Lighting,  etc. 

Ck,      =»  Cooking,  etc. 

Ht,      ■■  Heating 

W.H.  -  Water  Heating 


trict  outlined  and  the  totals  for  this  district  computed,  as  in 
Table  IV. 

In  order  to  properly  design  a  distribution  system  to  take  care 
of  heavy  loads  of  this  kind,  it  is  necessary  first  to  combine  them 
into  units;  second,  to  deteniiine  the  connected  load  in  each  unit 
from  which  the  unit  maximum  demand  can  be  figured  using  the 
group  maximum  demand  factor;  and  third,  to  design  a  feeder 
system  to  take  care  of  the  load.    For  example,  we  find  that  in 
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block  No.  1  there  are  14  class  C  houses  and  12  class  D  houses 
having  a  connected  load  of  46  kw.  in  light,  460  kw.  in  heat, 
144  kw.  in  cooking,  and  18.4  kw.  in  hot  water  heating,  a  total 
of  668.4  kw.  Using  the  group  maximum  demand  factors  as 
shown  in  Table  V,  we  have  11.5  kw.  in  light,  27.8  kw.  in  cooking, 
230  kw.  in  heat  and  18.4  kw.  in  water  heating,  making  a  total 
of  287.7  kw.  for  the  maximum  demand  of  this  unit.  Proceeding 
similarly  with  blocks  5,  9  and  13,  we  find  unit  maximum  demands 
of  310  kw.,  273  kw.  and  234  kw.  respectively. 

After  covering  the  entire  district  in  this  manner,  it  seemed 
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advisable  to  install  a  feeder  from  a  centrallv  located  substation 
for  each  1000  kw.  or  thereabouts,  which  is  the  case  in  blocks 
1,  5,  9  and  13.  We  find  that  in  order  to  properly  distribute 
1000  kw.  at  2300  volts,  a  three-phase,  4/0  feeder  would  be  the 
most  efficient,  on  account  of  initial  cost,  voltage  regulation, 
carrying  capacity  of  the  wire  and  economy  of  space  on  the  poles. 
We  propose  to  maintain  a  constant  voltage  at  the  center  of  load 
on  each  feeder,  and  if  necessary,  to  install  transformers  with 
variable  taps  to  give  the  same  voltage  over  the  entire  secondary. 
The  load  being  essentially  single  phase  will  necessitate  instal- 
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ling  single-phase  regulators  on  each  circuit  at  the  substation. 
As  all  standard  apparatus  for  domestic  use  is  built  for  110  volts 
to  120  volts,  we  will  string  a  1/0  neutral  over  the  entire  system, 
which  will  give  120  volts  between  this  wire  and  any  outside 
leg  of  the  three-phase,  207-volt  secondary  bus,  and  will  provide 
a  ground  for  the  transformers.  The  secondary  bus  will  be  a 
500,000-cir.  mil  cable,  except  in  cases  where  the  load  is  con- 
centrated at  the  transformer.  We  propose  to  install  trans- 
formers either  in  single-phase  units  or  in  one  three-phase  unit 
as  near  as  possible  to  the  center  of  load  in  each  block  or  group 
of  blocks,  depending  upon  the  load.  On  the  accompanying  map 
we  have  shown  the  distribution  as  outlined  above,  including 
transformers. 

TABLE  VI. 
Rates  for  Domestic  Sp:rvice 
Lighting  and  Cooking: 

Electricity  for  these  two  purposes  is  sold  through  one  meter,  at  the 
following  rates: 

First  45  kw-hr.  per  month  #  Oj  cents  per  k\v-hr. 
All  over  45  kw-hr.  per  month  ^  2  cents  per  kw-hr. 
Minimum  charge  50  cents    per  month. 
Heating : 

Rate:    1  cent   per  kw-hr.  unrestricted,  or  }  cents  per  kw-hr.  if  used  off 
peak.    Minimum  $12.00  per  h.p.  ];er  year. 
Peak  hours  are  from  4:30  p.m.  to  7:00  p.m.  in  winter  ami  5:30  i).m. 

to  7:00  p.m.  in  summer. 
All  service  has  been  figured  at  J  cents  per  kw-hr. 
Water  Heating: 

Rate:   Flat  charge  of  $3.50  per  kilowatt-month. 
Heater  to  run  continuously. 

In  order  to  determine  a  reasonable  cost  for  this  system,  we 
have  assumed  prices  of  material  and  transformers  that  were 
current  prior  to  the  present  war  prices  and  have  arri\^ed  at  a 
total  figure  of  SI  11, 400. 00.  This  includes  all  local  distribution 
outside  of  the  substation,  services  and  meters. 

In  Table  V  the  revenue  from  the  business  as  outlined  has  been 
computed,  makin^^  a  gross  of  $153,220.00  per  year.  The  kilo- 
watt-hours total  up  to  16,984,728  per  year,  and  the  average  rate 
for  all  classes  of  service  is  0.9  cents.    The  average  return  is  $20.90 
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sen'^ed.  The  heavy  load  in  this  service  will  require  three-phase 
distribution,  which  will  also  take  care  of  small  power  loads. 
We  believe  that  domestic  power  can  be  developed  into  a  prof- 
itable part  of  the  central  station  business,  and  sold  at  a  price 
that  will  be  attractive  to  the  consumer.  The  present  rate 
schedules,  which  necessitate  two  meters  and  a  flat  cut-in  for 
this  business,  are  not  satisfactory  and  a  new  basis  for  charge 
must  be  developed  that  will  utilize  a  simple,  inexpensive  meter 
and  can  readily  be  understood  by  the  layman.  With  increasing 
volume  of  business,  the  rates  can  be  lowered  materially  below 
those  quoted  herein,  and  still  yield  an  adequate  return.  It  is 
up  to  the  central  stations  to  make  an  intensive  campaign  for 
domestic  power  service,  for  this  is  the  solution  of  the  problem 
of  profitably  serving  residence  business. 
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Discussion  on  "A  Distribution  System  for  Domestic  Power 
Service  from  Commercial  and  Engineering  Stand- 
points** (HoGE  AND  Perry),  Seattle,  Wash.,  Sept.,  5, 
1916. 

D.  F.  Henderson:  In  Table  III  the  paper  gives  the  consump- 
tion per  month  for  the  heating  installation,  as  1332kw-hr.  I 
would  like  to  ask  the  author  how  that  figure  is  computed. 
Is  it  taken  from  actual  experience  ?  I  have  been  heating  my 
own  residence  this  ])ast  winter  electrically,  and  have  installed  a 
maximiun  demand  very  similar  to  his.  I  have  a  demand  of  21 
kw.,  but  the  kw-hr.  consumption  is  almost  ten  times  what  is 
given  in  this  figure.  Of  course  our  climate  in  Spokane  is  some- 
what more  severe  than  it  is  here,  but  it  seems  to  me  there  should 
not  be  such  a  great  difference  in  the  kw-hr.  consumption. 

E.  R.  Perry:  I  think,  Mr.  Henderson,  that  that  figure  is  sort 
of  an  average  that  we  found  around  here  with  our  climatic 
conditions.  Of  course  you  realize  here  that  the  people  only  use 
their  heating  equipment  about  six  months  out  of  the  year. 

D.  F.  Henderson:     That  is  based  on  a  six  months'  period? 

E.  R.  Perry:  It  is  an  average  for  the  twelve  months;  that 
is  the  total  for  the  year  divided  by  twelve  months.  You  say 
that  you  have  about  ten  times  that  much  in  a  year? 

D.  F.  Henderson:     Yes,  during  the  severe  winter  months. 

E.  R.  Perry:  Per  month  3'ou  have  about  that  much  you  say  ? 
If  you  add  up  the  total  amount  of  current  you  use  during  the 
year  and  divide  it  by  twelve  ? 

D.  F.  Henderson:     It  would  reduce  it  very  materially. 

E.  R.  Perry:  And  the  difference  in  temperature  between 
Seattle  and  Spokane  is  very  great. 

J.  B.  Fisken:  I  believe  that  the  idea  is  to  run  out  single- 
phase  feeders  from  the  substation.  That  was  our  practise  up 
to  within  the  last  year  or  two  and  tlien  when  times  got  hard  and 
expenses  were  going  up  and  income  was  going  down,  we  skir- 
mished around  to  find  some  way  of  serving  the  same  load  a 
cheaper  way.  We  converted  our  single-phase  feeders  into  three- 
phase  feeders;  our  cables  were  six-conductor  cables  and  formerly 
contained  three  single-phase  feeders.  We  converted  those  into 
one  three-phase  feeder  with  a  neutral  wire,  installing  the  single- 
phase  regulators  on  each  leg.  P2ach  leg  was  controlled  by  a  single- 
pole  automatic  switch  so  that  trouble  on  any  of  the  three-phases 
did  not  affect  the  other  two.  We  have  found  that  worked  out  very 
satisfactorily  and  I  would  like  to  ask  the  author  whether,  in  his 
figures  as  to  costs,  he  figured  on  three  single-phase  feeders  or  one 
three-phase  feeder  with  a  neutral  brought  back  ? 

The  other  point  that  occurred  to  me  was  whether  or  not  the 
secondary  was  one  interconnected  s\stem?  Of  course,  in  d-c. 
work,  we  find  it  is  economical  to  connect  the  mains  together 
everywhere,  and  it  should  be  done  the  same  way  in  a-c,  work, 
but  just  how  it  is  to  be  done,  I  don't  know.  There  are  two  ways 
I  have  heard  of,  although  I  have  had  no  practical  experience  and 


992  DOMESTIC  POWER  SERVICE  [Sept.  5 


1916]  DISCUSSION  AT  SEATTLE  993 

tained  the  same  scheme  followed  until  eventually,  when  the  com- 
plete electrification  mentioned  is  obtained  the  mains  could 
be  put  under  ground,  if  desirable,  at  a  reasonably  small  addi- 
tional cost;  that  is,  little  of  the  existing  equipment  would  have  to 
be  changed.  That  is  simply  my  idea  of  what  would  be  the  best 
service,  even  though  at  a  higher  total  cost,  and  it  would  certainly 
meet  with  more  favor  from  the  people.  The  size  of  copper  on  the 
lines  and  in  the  service  wires,  as  mentioned  in  this  i)aper.  would 
make  such  heavy  wires  as  to  detract  somewhat  from  the  appear- 
ance of  a  strictly  first  class  residence  district. 

F.  D.  Weber:  The  author  has  a  demand  factor  of  about  19 
per  cent  for  heating.  I  would  like  to  ask  if  any  demand  factor 
has  been  computed  for  residences,  apartments  and  the  various 
classes  of  cooking.  In  Portland  we  have  been  very  much  inter- 
ested in  knowing  what  size  feeders  should  be  supplied  for  group 
cooking,  such  as  apartment  houses, 

E.  R.  Perry:     We  have  no  information  upon  that,  Mr.  Weber. 

C.  R.  Collins:  It  is  rather  difficult  to  appreciate  the  magin- 
tude  of  this  proposed  heating  load.  You  will  notice  in  Table  I, 
nearly  every  block  shows  a  load  of  250  or  300  kw.  The  present 
density  of  load  in  the  down  town  district  of  Seattle  averages  150 
kw.  per  block.  The  proposed  distribution  system  for  residence 
districts  must  take  care  of  at  least  twice  the  kw.  load  per  block 
that  we  now  have  in  our  most  densely  settled  business  district. 
The  author  calls  our  attention  to  the  fact  that  we  will  have  diffi- 
culty with  our  distribution  system.  It  is  also  interesting  to  con- 
sider the  increased  demand  on  our  generating  equipment.  I  have 
taken  the  figures  given  in  this  ])aper  and  secured  the  average  kw. 
requirement  per  customer,  which  is  about  eight  kw.  In  Seattle 
we  have  probably  50,000  consumers  such  as  would  come  under 
the  description  given  in  Table  I,  400,000  kw.  would  therefore  be 
required  to  supply  our  residence  districts.  At  the  present  time 
it  requires  not  more  than  25,000  kw.  to  supply  the  residence  load. 

This  means  increasing  our  present  residence  load  sixteen  times. 
It  is  also  interesting  to  note  that  when  we  do  increase  our  present 
load  by  that  amount,  that  load  is  going  to  determine  our  peak 
and  all  other  loads  will  be  incidental. 

In  Table  V,  in  the  lower  right-hand  corner  are  given  the  re- 
turns for  a  kw-yr.  You  will  note  the  return  for  theheating,  figured 
at  f  of  a  cent  per  kw-hr.,  is  $14  per  kw-yr.,  and  you  will  also 
note  that  the  kw-hr.  consumption  for  heating  is  approximately 
65  per  cent  of  the  total  kw-hr.  consumption  given.  The  only 
chance  of  electric  heating  becoming  commercially  possible  is  that 
it  will  be  possible  to  reduce  very  materially  the  cost  per  kw-yr. 
of  generating  power.  $14.00  per  kw-yr.  is  very  much  below  the 
present  cost. 

W.  D.  Peaslee:  I  am  very  glad  to  see  brought  out,  the  open 
advocation  of  a  one-meter  rate  for  lighting,  cooking  and  heating. 
To  my  mind  that  point  strikes  the  key  of  the  whole  situation. 
The  idea  of  electrical  engineers  being  held  down  at  the  present 
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date,  in  the  ]>reRent  state  of  our  an  to  having  to  insist  thai  every 
time  a  man  wants  to  do  somethinf,',  he  has  a  different  rate  put 
on  his  load,  is  something  of  a  joke.  In  the  case  of  the  Httle  town 
of  Corvallis.  I  have  some  electric  light  and  cooking  appliances  in 
the  house  for  which  1  have  a  separate  meter;  if  1  put  in  a  hot  water 
heater,  I  have  another  meter  for  that  or  a  flat  rale,  which  really 
gives  me  three  separate  services  in  thai  house,  with  the  attendant 
overhead  expenses  and  clerical  expense  for  the  company  on  each 
of  those  billings. 

Now,  ihere  are  two  solutions  of  the  rate  as  given  here.  Either 
have  a  very  high  minimum  and  a  low  energy  rate,  which  the  pub- 
lic will  immediately  object  to;  or  take  the  rate  as  given  in  the 
paper,  the  first  45  kw-hr.  per  month  at  5J  cents,  a  minimum 
charge  at  .'50  cents  per  month  and  the  rest  of  it  at  two  cents  per 
kw-hr.  That  first  4.5  kw-hr.  is  going  to  make  the  man's  bill  big 
enough  if  he  uses  any  electric  heating  and  cooking  at  all  in  the 
house,  so  that  the  company  will  be  iwotected.  They  will  get 
their  cost  of  testing  meters  and  their  cost  of  billing  and  alt  those 
things  that  go  into  the  beautiful  theoretical  rates  that  are  worked 
up.  Al  the  same  time  Ihe  customer  will  have  one  meter  in  his 
house  and  he  can  subtract  the  i^rcvious  month's  reading  from 
the  present  reading  and  figure  out  for  himself  what  his  bill  is 
coming  to,  but  you  take  ihe  class  rales  of  power  companies 
today,  and  he  is  a  belter  man  than  some  engineers  if  he  can 
do  it.  I  think  that  one  of  the  bij^gesi  factors  we  are  going  to 
find  in  1  he  developnieni  of  hcatinj,'  anil  lighting  load  for  electrical 
power,  is  to  have  a  rate  that  protects  the  power  company  by 
having  cither  a  high  enough  minimum  to  take  care  of  these  in- 
cidental expenses,  or  have  the  first  block  of  energy  at  a  suffi- 
ciently high  rate  so  thai  any  onhnary  consumer  is  going  to  get  a 
big  enough  bill  to  come  up  to  the  point  necessary,  and  then  a 
very  low  energy  charge  for  the  rest  of  il. 

I  know  of  one  location  in  Oegon  where  it  worked  out.  A  man 
isi>erniittei!  to  take  on  a  load  forheaiing,  lighting,  cooking  and  hot 
water  and  anything  less  ihan  a  onc-lmrse  power  motor  at  any  time 
of  the  day  or  night  at  S-")  a  month  minimum,  and  one  cent  per  kilo- 
watt hour  eiKTg\-  charge.  That  is  a  little  drastic  and  it  may  be 
a  So  mininumi  i'^  wmng.  but  personally  I  believe  that  some  form 
of  rate  of  iJiat  kind  for  the  high  mininnun  and  low  energy  con- 
sumption is  going  to  build  U])  the  load  utnil  ourheatingand  hghting 
load  will  not  be  as  it  is  now.  but  may  ultimately  approach  the 
fij^ure  given  ia  this  jiapcr  of  :2(l(l  or  HOO  kw.  per  block  in  first-class 
residence  districts.  I  think  that,  the  c.nly  way  the  ]>ower  com- 
l»anies  will  be  ablu  to  build  up  is  to  get  a  rate  of  that  kind. 

F.  D.  Weber:  Xear  the  end  of  the  yiaper  1  note  the  author 
computes  his  ^tuss  income  per  year.  I  wonder  if  anybody  has 
investigated  the  statistics  and  found  out  the  amount  of  money 
an  average  family  both  poor  and  rich  can  spend  per  month  for 
lighting,  heating  and  power.  Al  one  time  I  saw  a  statement 
covering  20  year'^  in  the  lighting  industry,  showing  that  the  an- 
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nual  monthly  bill  has  been  nearly  a  constant  amount.  I  think  it 
would  be  well  to  investigate  on  the  customer's  side  and  see 
how  much  money  they  will  actually  spend.  If  they  are  using 
gas,  they  spend  so  much  money ;  if  they  change  to  electricity  they 
will  spend  a  certain  percentage  more  for  the  added  convenience. 

E.  R.  Perry:  I  think  that  in  selling  electricity  we  sometimes 
lose  sight  of  the  fact  that  we  are  really  selling  a  commodity  just 
like  sugar  in  the  open  market,  and  we  have  to  compete  with  all 
the  other  forms  of  energy  that  people  use  to  reach  the  same  end 
that  we  want  to  sell  our  electricity  for;  and  for  that  reason  it  is 
well  to  think  of  how  much  a  man  in  moderate  circumstances  can 
afford  to  pay  for  the  electric  energy  that  we  want  to  give  him. 
Now  we  might  imagine  a  family  of  three  or  four  living  in  a  house 
of  six  or  seven  rooms,  and  if  he  heats  with  hot  water,  his  heating 
bill  is  going  to  be  somewhere  about  $70  or  $75  a  year,  if  he  is 
economical,  and  his  cooking  hill  for  gas  will  be  something  like 
$35  or  $40  a  year, — cooking  and  hot  water,  possibly.  His  hot 
water  service,  however,  will  be  intermittent  and  he  will  only 
light  up  the  gas  heater  when  he  wants  it,  and  he  will  not  have  hot 
water  all  the  time.  That  I  think  w^ll  total  up  somewhere  in  the 
neighborhood  of  $140  or  $150,  that  he  is  paying  per  year  for 
lighting,  cooking,  heating,  and  hot  water  from  the  different  forms 
of  energy  that  he  gets  now. 

Suppose  he  purchases  electric  energy  according  to  the  way  the 
rates  are  now.  He  would  pay  somewhere  around  $200  on  an 
average  for  the  same  service ;  it  is  a  little  bit  difficult  at  the  pres- 
ent time  to  make  people  see  the  $50  additional  value  in  the  elec- 
tric service.  Possibly  they  do  not  realize  they  will  only  have  to 
pay  $50  a  year  more  for  an  entire  electric  installation.  This  is  an 
average  case.  Of  course,  some  cases  are  going  to  run  higher  and 
some  lower.  I  do  not  think  the  people  at  the  present  time  are 
educated  up  to  that  point  where  they  would  want  the  electric 
service  with  the  additional  value  in  it  and  the  additional  con- 
venience of  it.  With  the  competition  we  liave  in  all  other  forms 
of  energy,  it  is  very  hard  to  sell  electricity  at  the  present  rates, 
and  with  the  handicap  of  installations  already  put  in  for  the  other 
types  of  service.  Now,  if  a  man  is  just  building  a  house  and  he 
could  get  all  these  things  and  it  would  cost  him  only  $50  a  year 
more,  he  would  put  them  in  without  hesitation,  I  believe.  But 
where  he  has  already  tied  his  money  up  in  apparatus  to  use  coal, 
gas  and  so  forth,  it  is  pretty  hard  to  make  him  junk  all  that  and 
put  in  the  new  electric  service. 

The  point  about  the  metering  of  the  service  is  one  which  I  feel 
is  very  important  in  the  sale  of  energy  for  domestic  use.  Selling 
electricity  as  we  do  now,  with  two  or  three  or  four  meters,  is 
just  like  selling  sugar  by  the  quart  to  a  man  for  putting  up  fruit, 
and  by  the  pound  for  making  candy.  He  can  not  see  it,  and  the 
quicker  the  central  station  gets  to  the  point  where  they  can  sell 
a  man  so  much  electricity  for  a  certain  price  and  don't  care 
what  he  uses  it  for  and  have  it  taken  care  of  in  the  rates, 
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ihal  liuuh  Miiinker  are  we  going  to  get  simplicity  in  accounting, 
uiiUuiiiii  uiiil  ill  Ihc  whole  business,  even  down  to  selling  it  to  the 
1  iiaLnmm  'I'lic-  quicker  people  understand  about  our  electric 
Kuiiii!,  jn»L  thai  much  quicker  are  we  going  to  make  strides  in  it. 

B.  G.  Robinson:  I  have  been  considering  the  one-meter  rate 
u  guiui  t!i-u!  nnd  I  have  come  to  this  conclusion:  That  if  you 
umkB  yolir  heating  load  220  volts  instead  of  putting  in  a  three- 
wire  met  IT,  if  wc  put  a  straight  220-volt  meter  in,  and  then  tap 
our  lightiijj.;  en  the  neutral, — run  in  three  wires,  the  two  220 
volts  and  the  neutral,  then  we  can  tap  around  the  two  wires  with 
the  neutral  and  fix  it  so  that  all  our  electrical  appliances  for  heat- 
JnK  would  ht  220-volt.  Then  for  our  lighting,  simply  tap  the 
series  circuit  of  the  meter,  and  that  will  make  our  lighting  current 
register  just  twice  as  fast  as  our  heating  current.  So,  if  we  were 
making  a  heating  rate  at  three  cents  for  a  certain  block,  while 
that  was  fjeing  used,  we  should  be  getting  six  cents  on  all  our 
1  lO-volt  socket  appliances  and  we  would  be  getting  three  cents 
out  of  the  straight  220-volt  current,  because  the  current  flowing 
through  the  meter  would  register  at  220,  while  only  being  used 
at  1 10.  I  simplified  our  system  that  way  and  used  but  one  meter 
for  the  man  who  takes  power.  We  tap  a  neutral  around  the 
polyphase  meter  and  let  him  use  current  at  110  volts,  with  all 
appliances  forge  blowers  and  such  as  that.  I  am  quite  in  sym- 
pathy with  simplifying  the  rate,  and  I  believe  that  any  man  who 
is  figuring  on  doing  this  should  simplifv  it  as  much  as  possible, 
because  the  average  layman  thinks  that  blocks  of  kilowatts, 
amperes  and  so  forth,  are  intended  and  designed  to  befuddle  him 
as  to  what  he  is  buying.  I  have  not  yet  tried  out  the  110-220- 
volt  scheme  on  heating,  only  on  power,  but  I  hope  to  do  it;  and 
I  believe  it  gives  a  complete  solution  of  the  problem  of  one  meter 
with  two  rates. 

By  the  way,  I  would  like  toask  that  if  in  this  distributing  system 
where  you  are  going  to  use  one  neutral,  would  that  not  necessi- 
tate the  hooking  up  of  your  transformer  star  instead  of  to  delta  ? 
It  has  been  my  experience  that  'M  per  cent  of  our  transformers 
for  distribution  arc  delta  connected.  Now  if  jon  wire  them  up 
star  and  nne  goes  out,  that  puts  that  entire  system  out.  I  would 
like  to  know  hmv  you  take  care  of  that? 

E.  R,  Perry;  it  has  that  disadvantage,  and  a  protective  de- 
vire  would  have  to  be  used. 

E.  G,  Robinson:  In  thinking  tliat  over  we.  of  course,  think 
you  arc  going  to  have  delta  transformers. 

E.  R.  Perry:  It  would  have  to  be  star  to  utilize  the  neutral. 
Nearly  all  our  ai)paratus  is  110  volts  and  220  volts,  and  it  would 
be  necessary  to  have  both  voltages  in  each  house.  In  order  to 
accommodate  present  wiring  we  would  have  to  have  the  three-wire 
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E.  R.  Perry:  I  think,  Mr.  Merwin,  that  we  provided  a  four- 
wire  delta  connection  in  order  to  accommodate  the  present  type 
of  household  utensils  which  require  110-220  volts.  We  have  a 
star  system  with  three-phase  207  volts  on  the  outside;  that  would 
give  us  120  volts  to  the  neutral. 

H.  W.  Buck:  The  author  spoke  a  few  minutes  ago  about  the 
average  householder  not  being  educated  up  to  the  use  of  certain 
applications  of  electric  power.  I  should  like  to  ask  what  the  exper- 
ience has  been  on  the  Pacific  coast  with  the  average  householder 
in  the  use  of  household  electrical  appliances.  Is  it  necessary  to 
have  an  electrical  engineer  in  each  house  to  satisfactorily  operate 
these  various  devices,  or  do  the  public  as  a  whole  take  hold  of 
them  intelligently  and  operate  them  efficiently?  It  does  not 
take  much  intelligence  to  turn  on  an  electric  lamp,  but  it  takes 
considerably  more  technical  knowledge  to  operate  an  electric 
washing  machine,  electric  range  and  some  of  the  other  devices 
that  are  now  used. 

E.  R.  Perry:  I  think  that  the  people  who  have  taken  out 
electrical  devices  have  learned  to  use  them  very  intelligently,  and 
the  amount  of  trouble  developing  with  the  different  appliances 
is  very  small.  Once  people  get  interested  in  these  things,  and 
really  appreciate  their  value,  they  seem  to  develop  an  undue 
amount  of  electrical  wisdom.  I  think  that  if  we  can  only  get  to 
the  people  and  get  them  interested,  it  would  be  easy  enough  to 
educate  them. 

The  next  step  in  that  direction  is  the  electrical  equipment  of  all 
of  the  home  economic  departments  of  the  various  schools  and  col- 
leges in  the  country,  and  the  training  of  the  girls  of  the  younger 
generation  to  know  and  use  intelligently  all  forms  of  electrical 
appliances  and  apparatus,  and  to  make  their  own  minor  repairs. 
I  believe  that  the  coming  generation  of  girls  are  going  to  know  a 
great  deal  more  about  electric  household  utensils  than  the  pres- 
ent generation  of  housewives  do.  It  is  only  through  educating 
the  younger  people  that  we  are  going  to  successfully  solve  this 
problem.  The  older  people  do  not  learn  quite  so  readily,  but 
those  who  do,  as  far  as  experience  around  here  is  concerned,  have 
been  able  to  take  up  these  things  and  learn  to  use  them  very 
quickly. 

S.  M.  Kennedy:  The  question  which  you  have  asked  in  refer- 
ence to  the  manner  in  which  the  purchasers  use  apparatus  is  one 
that  is  very  easy  to  answer,  if  you  have  had  much  to  do  with  the 
handling  of  such  appliances.  What  are  called  lamp  socket  ap- 
pliances are  very  readily  handled  and  it  does  not  need  any  en- 
gineer and  requires  very  few  demonstrations  to  teach  the  house- 
wife to  readily  use  any  such  appHances.  Even  the  washing 
machine,  which  is  a  little  more  complicated  to  operate,  practically 
runs  itself  with  a  turn  of  the  switch.  However,  when  you  get 
into  the  broader  field  of  cooking — I  mean  major  cooking, — we 
find  that  the  average  housewife  in  Southern  California,  while  she 
is  anxious  to  learn,  does  not  pick  up  quite  as  readily  the  methods 
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of  handling  the  electric  range  and  of  substituting  it  for  whatever 
method  of  cooking  she  has  been  used  to,  heretofore.  In  the  kit- 
chen the  average  housewife  is  a  little  bit  sensitive;  she  has  a 
pride  in  her  work;  and  she  does  not  like  anyone  to  come  in  to 
show  her  how  to  do  her  work.  That  kind  of  cklucation  must  be 
done  very  diplomatically, — the  average  engineer  cannot  do  it  at 
all.  We  find  that  it  pays  to  have  tactful,  experienced  and  good 
looking  lady-demonstrators,  who  can  follow  up  the  range  installa- 
tions and  go  from  place  to  place,  and  find  out  first,  whether  the 
lady  who  is  doing  the  cooking  thoroughly  tmderstands  the  method 
of  operation  and  whether  she  is  getting  the  best  that  is  possible 
out  of  the  range  and  for  the  least  amount  of  energy  put  into  it. 
If  she  finds  that  things  are  going  all  right,  the  demonstrator 
tells  her  so.  If,  however,  she  finds  that  they  are  not  going  all 
right,  that  in  some  parts  there  is  too  much  heat  turned  on  when 
it  is  not  required,  and  not  enough  in  other  parts  of  the  stove,  she 
must  be  tactful  and  explain  just  how  the  operation  should  be 
done  in  order  to  get  the  greatest  efficiency.  The  demonstrator 
must  be  educated  and  trained  for  that  particular  kind  of  work, 
so  that  she  not  only  tmderstands  the  stove  and  the  operation  of 
the  stove,  but  she  must  also  imderstand  hiunan  nature. 

J.  B.  Fisken:  The  average  farmer  of  eastern  Washington  is 
notorious  for  not  taking  care  of  his  appliances, — I  do  not  mean 
electrical  appliances,  I  mean  his  agricultural  appliances, — and  it 
might  be  interesting  to  learn  whether  the  electrical  appliances, 
cooking  and  so  forth,  have  caused  much  trouble.  Mr.  Chrysler 
handles  four  country  towns  and  a  number  of  farmers  and  he  could 
tell  us  what  his  experience  has  been. 

W.  L.  Chrysler:  We  find  less  trouble  with  farmers  taking  care 
of  their  electric  equipment  than  the  consumers  in  town.  These 
farms  are  run  on  a  large  scale  by  combined  harvester  tractor  and 
modem  machinery,  which  makes  the  farmer  a  mechanic  for  he 
has  to  operate  and  keep  up  his  own  equipment.  We  have  a  few 
farmers  on  our  lines  who  have  quite  complete  electric-equipment. 
They  make  their  own  minor  repairs,  while  the  consumer  in  town 
will  call  the  fix-light  department. 

J.  R.  King:  The  point  I  want  to  bring  out  is  the  fact  that  it 
is  becoming  more  and  more  apparent  in  the  development  of 
electric  house  heating,  not  cooking  or  hot  water  heating,  but  to 
heating  the  home,  that  the  ideas  of  the  electrical  engineer,  more 
especially  of  the  man  who  has  charge  of  the  operation  and  the 
control  of  the  delivery  of  power,  have  got  to  be  changed.  That  is, 
he  has  got  to  recognize  new  conditions  coming  in.  For  instance, 
you  will  note  in  Table  V,  that  there  is  a  group  maximum  demand, 
320  kw.  for  light.  805  for  cooking,  5705  for  heating,  and  516  for 
water  heating.  Referring  to  one  of  the  other  tables  the  rate  is 
one  cent  per  kw.  hour  unrestricted  or  f  cents  per  kw.  hoxu*  if 
used  off  peak.  It  appears  to  me  from  this  paper  that  the  factor 
which  produces  the  peak  is  no  longer  lighting,  which  comes  on 
about  half  past  four  to  seven  o'clock.     Power  is  a  more  or  less  off- 
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peak  product  and  cooking  can  be  considered  so  to  a  certain  ex 
All  the  efforts  have  been  made  to  take  on  this  house  heating 
under  the  same  assumption  and  under  the  same  condition, 
the  consumer  will  not  use  it  during  what  is  called  peak.  1 
the  great  preponderance  of  energy  is  used  for  heating  and 
demand  would  indicate  that  the  time  of  the  peak  has  shi 
Therefore,  this  paper  would  point  out  that  in  order  to  estii 
in  the  future,  demands  for  domestic  service  in  residence  dist^ 
it  is  necessary  to  consider  primarily  what  demand  will  be  reqi 
for  heating;  and  the  lighting,  cooking  and  hot  water  hei 
wotdd  be  incidental  to  that.  In  other  words,  the  determ: 
factor  is  no  longer  lighting,  but  it  is  heating.  In  the  Inst 
meetings  and  in  the  National  Electric  Light  Association  mee 
and  in  other  meetings,  discussion  on  that  has  raged  up  and  c 
and  the  argument  that  heating  was  a  by-product  has  beer 
vanced  and  contradicted.  It  appears  to  me.  it  will  be  nece^ 
to  figure  very  carefully  in  the  future.  What  is  the  use  of  I 
ing  off  the  peak,  if  the  heating  itself  establishes  that  peak? 
we  keep  the  heating  off  the  peak,  it  will  not  occur  in  the  after 
any  more  than  it  will  occur  at  any  other  time  during  the 
Fiu'thermore,  what  are  you  going  to  do  on  a  cold  winter 
when  the  customer  comes  home  and  insists  on  having  his  1" 
If  he  cannot  have  it,  he  comes  right  back  and  asks  why  he  i 
entitled  to  have  it?  Those  are  ])oints  that  I  think  must  be 
sidered  in  planning  the  installation  of  any  house  heating. 
are  points  that  have  arisen  in  connection  with  the  sale  of  er 
in  Seattle.  They  are  points  that  will  be  raised  as  long  as  1 
heating  is  promoted,  whether  or  not  the  peak  be  shifte 
another  time  of  the  day,  and  another  class  of  energy  other 
lighting  be  responsible  for  it. 

H.  J.  Gille:  In  the  first  place,  this  heating  rate  was  filed 
the  Public  Service  Commission  of  this  state  as  an  experim 
rate, — simply  a  try-out  proposition.  Second,  the  peak  houi 
the  lighting-peak  hours,  which  control  at  this  time  the  dist 
tion  peak.  It  seems  to  me  that  in  any  discussion  of  the  que 
of  laying  out  a  prospective  distribution  system  to  take  ca 
heating  and  other  appliances  in  residences,  it  should  be  in 
tant  to  know  whether  you  are  talking  of  a  station  peak 
distribution  peak.  The  residence  peak  as  we  know,  comes 
different  time  from  the  power  j^eak,  and  the  power  peak 
different  time  from  the  commercial  lighting  peak,  but  all  c 
resultant  peaks  establish  a  certain  peak  on  the  station  or  a  g 
ation  peak.  By  developing  the  electric  heating,  of  course 
generating  station  peak  would  probal^ly  be  transferred  fror 
point  where  it  is  now,  to  some  other  part  of  the  day. 

C.  R.  Collins:     We  have  conducted  tests  in  connection 
electric  heating  and  one  of  our  conclusions  is  that  the  el< 
heating  peak  may  come  at  any  hour  in  the  day;  some*^'" 
may  be  in  the  morning,  sometimes  in  tv>'-  -'* 
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six  or  6:30  p.  m.  So  this  peak  cannot  be  considered  as  some 
other  not  coming  on  the  system  peak,  which  occurs  about  6 :00 
p.  m. 

Robert  Howes:  In  the  early  days  the  load  on  any  separate 
feeder  was  small  and  scattered  over  considerable  territory  and 
it  seemed  to  be  necessary  to  use  the  low  voltage  of  110  or  220. 
With  the  growth  of  business  and  the  growth  in  power  consump- 
tion by  each  residence,  such  as  is  contemplated  in  this  paper,  the 
question  raised  by  Mr.  Crawford  of  placing  individual  trans- 
formers at  the  residence  and  omitting  the  secondary  distribution 
system,  may  become  one  of  material  importance.  In  the  devel- 
opment of  power  plants,  in  this  district,  at  least,  after  you  have 
reached  a  capacity  of  forty  or  fifty  thousand  kilowatts,  the  cost 
of  generating  power  and  bringing  it  to  the  central  substation  is 
not  varied  so  very  greatly,  although  it  is  to  some  extent,  by  ad- 
ditional capacity.  You  begin  to  reach  a  point  where  the  cost  of 
operation  per  kilowatt  hour  and  the  investment  cost  per  kilowatt 
of  development,  does  not  vary  by  a  very  wide  margin,  although 
it  will  to  some  extent.  It  would  seem  it  might  be  a  decided 
advantage  in  such  a  case  as  described  in  this  paper,  to  omit  the 
secondary  mains  and  simply  use  a  high-potential  distribution 
with  transformers  at  each  house  or  for  two  or  three  houses 
grouped  together,  using  low  voltage  only  for  the  houses.  That 
would  reduce  the  copper  requirements  and  cost  of  good  regulation. 
We  cannot  expect  to  obtain  a  great  deal  of  reduction  in  initial 
cost  per  kilowatt  after  we  reach  a  certain  power  plant  capacity, 
but  with  additional  capacity  there  is  room  for  considerable  im- 
provement in  the  distribution  systems  and  that  seems  the  most 
promising  field  to  look  for  reduction  of  cost  per  kw.  hour  in 
operating  the  system.  It  at  least  appears  possible  that  with  the 
demand  per  residence  increased  to  such  extent  as  here  contem- 
plated, there  may  be  room  to  reduce  the  meter  installation  and 
attendance  per  kilowatt  hour  of  consimiption,  and  substitute 
small  transformers  at  the  point  of  use;  distributing  to  advantage 
both  in  simplicity  and  in  cost  of  investment  and  operation  per 
kilowatt  hour  sold. 
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SOME  FEATURES  OF  DOMESTIC  ELECTRIC  COOKING 

AND  HEATING 


BY    H.    B.    PEIRCE 


Abstract  of  Paper 

Although  electric  cooking  and  heating  has  always  been 
considered  possible,  it  has  only  recently  become  popular;  hence 
the  engineer  is  found  unprepared  with  information  on  the 
characteristics  of  the  load. 

From  tests  made  on  a  number  of  domestic  cooking  and  heating 
installations,  it  would  appear  that  electric  cooking  has  a  better 
load  factor  than  a  lighting  load  and  that  this  load  factor  improves 
as  the  number  of  ranges  increases. 

The  errors  incident  to  these  tests  are  discussed. 

The  demand  factors  on  being  plotted  against  number  of  ranges 
appear  to  follow  a  logarithmic  curve  which  may  be  accounted 
for  by  the  fact  that  a  modification  of  the  law  of  probability  would 
no  doubt  determine  the  probable  coincident  demand  of  a  number 
of  ranges  and  that  this  law  is  a  logarithmic  function. 

Suggestions  are  made  for  the  checking  of  these  results  by 
others. 

In  the  heating  field,  the  effect  of  water  heaters  superimposed 
on  range  loads  is  discussed  in  relation  to  their  effect  on  the 
central  station  loads  and  income. 


SINCE  the  use  of  elect rieal  energy  first  developed,  the  pos- 
sibility of  successful  heating  or  cookinj^  by  heat,  generated 
electrically,  has  never  been  questioned;  the  problem  has  always 
been — can  it  be  done  at  a  profit  to  the  central  station,  with 
energy  sold  at  a  price  low  enough  to  put  electricity  in  competi- 
tion with  other  fuel? 

Today  we  find  a  sudden  stampede  for  this  ideal  fuel,  but  we 
find  the  electrical  engineer  un|)re|)ared  to  solve  the  problems  of 
heating  and  cooking  electrically. 

It  will  be  the  province  of  this  paper  to  show  what  may  be 
expected  by  a  central  station  after  there  has  been  developed 
a  load  of  ranges  and  water  heaters,  and  along  what  lines  engi- 
neering assistance  is  needed  to  solve  certain  knotty  problems 
connected  with  this  phase  of  the  industry. 

First,  to  consider  the  elTect  on  the  central  station  of  a  cooking 
and  heating  load.     It  would  be  natural  to  expect  that  a  cooking 
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load   would   have  a  load  factor  considerably  lower  than   the 

m 

H^htinj^  load  in  the  same  community.  This  we  find  is  not  the 
case  and  it  further  appears  that  there  is  a  greater  increase  in 
load  factor  in  a  cooking  load  by  reason  of  an  increase  in  number 
of  consumers  served,  than  would  be  gained  in  a  lighting  load  by 
such  an  increase  of  consumers. 

These  deductions  are  the  result  of  a  number  of  tests  made  on 
actual  water  heater  and  range  installations  in  homes  using 
electrical  energy  for  cooking  and  water  heating. 

The  tests  consisted  of  installing  recording  ammeters  on  the 
various  cooking  installations  and  reading  the  charts  taken  there- 
from to  the  nearest  five-minute  interval;  these  readings  were 
then  assembled  and  the  total  load  for  any  day  at  any  hour 
determined. 

A  number  of  assumptions  were  of  necessity  made  in  securing 
these  composite  loads. 

First,  it  was  assumed  that  the  clocks  of  the  various  meters 
were  synchronous.  This  is  in  error  for  two  reasons;  (a)  the 
charts  were  not  all  taken  on  the  same  calendar  day  but  were 
taken  at  different  seasons  for  different  ranges  and  superimposed 
according  to  the  day  of  the  week  on  which  the  readings  were 
taken;  (b)  the  clocks  were  not  absolutely  accurate  either  as 
to  time  of  day  or  as  to  speed. 

Second,  the  readings  were  taken  on  a  five-minute  interval; 
this  meant  that  the  reading  for  the  interval  had  to  be  integrated 
by  inspection,  which  was,  of  course,  is  difficult  to  do  with  much 
accuracy,  particularly  in  view  of  the  fact  that  the  swing  of  the 
needle  on  these  instruments  was  considerable. 

The  first  opportunity  for  error  would  appear  to  have  more 
weight  than  it  proved  to  exhibit  in  practise,  since  a  set  of  charts 
for  a  week,  taken  at  one  time  of  the  year,  have  a  strong  resemb- 
lance to  similar  charts  taken  during  a  week  at  another  season. 
In  other  words,  in  the  community  observed,  the  habits  of  the 
public  as  it  concerns  the  preparation  of  meals,  appears  to  be 
uniform  at  different  seasons  of  the  year.  The  opportunity  to 
run  into  error  by  inaccuracy  of  the  clocks  is  so  slight  as  to  be 
incommensurable  with  the  accuracy  of  the  results  which  at  best 
are  only  approximate. 

Curves  shown  in  Figs.  1,  2,  3,  4,  5,  6,  and  7,  exhibit  the 
daily  load  of  42  ranges  of  assorted  manufacture  and  var\dng 
capacity  from  2.5  to  over  6  kw.  As  the  coincident  maximum 
demand  of  these  ranges  can  be  obtained  from  the  curve,  and  as 
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the  total  connected  load  is  known,  the  demand  factor  can  be 
computed.  As  the  average  kilowatt-hour  consumption  of  each 
range  is  known,  it  is  also  possible  to  figure  the  combined  load 
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factor  of  the  group.  These  lalues  show  that  even  with  as  small 
a  group  as  42  ranges,  the  demand  factor  is  4.5;  with  25  ranges, 
it  has  been  found  never  to  be  less  than  3.5. 
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It  might  be  expected  that  the  demand  factor  would  increase 
as  the  number  of  ranges  increases;  this  is  shown  in  Fig.  8.  where 
a  number  of  groups  of  ranges  have  been  observed  for  demand 
factor,  and  these  demand  factors  plotted  as  ordinates  with  the 
number  of  ranges  as  abscissas. 


The  result  is  a  shot-gun  diagram  which  interests  us  not  so 
much  in  its  upper  limits  as  in  its  lower  limits;  that  is.  the  worst 
condition  which  we  are  liable  to  ex[>erience  in  any  given  instal- 
lation is  that  for  which  we  must  make  provision.  The  cur\-es 
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through  the  points  on  the  lower  limits  appear  to  have  loga- 
rithmic characteristics  and  by  plotting  the  points  on  logarithm 
paper  (Fig.  9)  we  find  that  they  approximate  a  straight  line, 
that  is,  they  follow  roughly  a  logarithmic  curve. 

Such  a  curve  would  have  infinity  as  its  upper  limit  and  this 
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we  know  is  impossible,  as  the  demand  factor  can  never  exceed 
the  reciprocal  of  the  averapje  individual  load  factor. 

It  is  possible  that  this  last  statement  requires  a  word  of  ex- 
planation as  it  is  not  self-evident. 

Consider  ten  installations,  each  with  a  demand  of  one  kw., 
and  an  individual  load  factor  of  10  per  cent.  The  greatest 
demand  factor,  10.  would  be  secured  when  each  individual 
installation  was  turned  on  for  a  tenth  of  the  period  and  then 
turned  off  while  a  second  was  thrown  on  the  line.  The  result 
would  then  be  a  demand  never  exceeding  one  kw.  and  a  load 
factor  of  100  per  cent  for  the  entire  group. 

Let  us  apply  this  to  the  ranges  tested.  The  connected  load, 
which  for  convenience  may  be  assumed  as  the  individual  max- 
imum demand  of  each  individual  range,  will  average  about 
five  kw.  on  the  present  types  of  electric  ranges.  These  same 
ranges  will  each  average  a  consumption  of  about  100  kw-hr. 
per  month ;  that  is,  the  individual  installation  will  have  a  load 
factor  of  about  2.8  per  cent.  The  reciprocal  of  2.8  per  cent, 
or  36,  is  then  the  maximum  limit  of  the  demand  factor  on  ranges 
of  this  type.  To  reach  this  value  it  would  be  necessary  for  the 
combined  load  factor  to  be  100  per  cent,  which  is  of  course 
impossible  under  present  conditions  as  there  are  hours  during 
the  day  in  which  there  are  no  cooking  operations  being  conducted. 

As  an  academic  example  this  result  might  be  secured  from  a 
central  station  supplying  energy  to  consumers  extending  around 
the  globe  in  a  zone  of  perfectly  uniform  density.  If  the  loga- 
rithmic curve  is  followed  out  to  demand  factor  36,  it  will  be  seen 
that  this  amounts  to  an  infinite  nimiber  of  ranges  to  all  intents 
and  purposes. 

The  theory,  that  demand  factor  will  increase  in  accordance 
with  a  logarithmic  rule  will  appear  more  logical  when  it  is  re- 
membered that  diversity  and  demand  factor  depend  upon  the 
theory  of  probabilities  which  has  logarithmic  characteristics. 

To  get  the  greatest  practical  good  from  this  theory  it  should 
be  checked  in  a  number  of  different  localities  by  different  ob- 
servers and  the  results  compared;  then,  from  the  results,  a  rule 
adopted  that  would  permit  the  probably  coincident  demand  of 
a  number  of  ranges  to  be  more  accurately  predicted  than  is 
possible  at  the  present  time.  These  results  should  be  of  sufficient 
accuracy  to  enable  the  various  electrical  rules  to  be  based  upon 
them,  so  that  it  would  not  be  required  that  excessive  feed  cables 
be  provided  for  the  care  of   apartment  houses  equipped  with 
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electric  ranges,  and  so  that  the  proper  sizes  of  feeders  and 
transformers  for  serving  a  load  of  ranges  would  be  better 
computed  by  distributing  engineers. 

It  will  be  noted  that  the  demand  factors  have  been  figured 
in  the  computations  so  far  made  on  the  basis  of  a  five-minute 
peak.  For  practical  purposes  such  a  peak  is  unnecessarily  brief 
so  that  the  effect  of  a  30-minute  peak  has  been  indicated  on 
Fig.  5  by  a  dotted  line  which  represents  the  results  of  measuring 
the  demand  by  means  of  a  demand  meter  of  the  type  that  inte- 
grates a  load  over  a  series  of  definite  half  hour  periods. 

Integrated  peaks  of  half-hour  duration  will,  of  course,  make 
the  demand  factor  greater.  This  should  be  borne  in  mind  in 
comparing  charts  taken  in  different  cities. 

In  making  comparisons,  there  should  also  be  noted  the  class 
of  people  by  whom  the  ranges  are  used.  Those  referred  to  in 
this  paper  are  representative  of  all  the  classes  that  will  event- 
ually do  their  cooking  electrically.  They  include  families  with 
incomes  of  less  than  $100  per  month  and  homes  in  which  the  bill 
for  current  is  a  minor  consideration.  The  apartment  house 
dweller  is,  however,  not  as  well  represented  as  he  should  be. 
To  show  the  effect  of  such  consumers  in  helping  to  improve  load 
factor,  the  demand  factor  of  the  ranges  of  one  of  the  apartment 
houses  in  Salt  Lake  City  is  shown  in  Fig.  8.  This  demand  factor, 
it  will  be  seen  is  far  in  excesss  of  those  secured  from  ranges  in- 
stalled in  homes  in  vSpokane,  the  city  in  which  the  individual 
tests  were  made.  At  first,  this  does  not  seem  logical,  as  one 
would  think  that  the  dwellers  in  the  same  apartment  house 
would  come  from  the  same  walk  in  like  and  would  be  likely  to 
do  their  cooking  at  the  same  hours.  The  answer  probably  is 
that  they  do  less  regular  cooking  than  do  the  families  in  their  own 
homes. 

Another  point  that  should  be  commented  ui^on  before  leaving 
the  subject  of  electric  ranges  is  the  average  monthly  consumption 
of  the  individual  ranges  in  kilowatt-hours.  This  has  been  re- 
ferred to  above  as  being  about  100  kw-hr.  It  is  true  that  the 
value,  100  kw-hr.,  represents  approximately  the  average  con- 
dition, but  to  say  that  this  is  the  i)robal:)le  consumption  of  any 
particular  electric  range,  is  quite  another  thing;  the  truth  of  the 
matter  is  that  the  consumption  seems  to  vary  between  the  limits 
of  50  and  250  kw-hr.  while  in  exceptional  cases  the  energy  con- 
sumption of  a  range  used  by  a  farmer  has  been  known  to  exceed 
400  kw-hr.   during   a   single   month.      This   condition   appears 
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generally  during  the  season  of  harvest  when  there  is  a  large 
number  of  hands  to  feed.  Attempts  have  been  made  to  predict 
the  consumption  of  a  range  by  the  size  of  the  family  by  whom  it 
is  used;  this  the  writer  believes  to  be  unsatisfactory  as  there 
are  wide  variations  in  habits  between  families  of  equal  size. 

It  will  be  noted  that  for  the  ranges  observed  the  daily  peak 
occurs  very  nearly  at  6  p.  m.  In  other  words,  it  will  coincide 
closely  with  the  lighting  peak.  This  is  unfortunate,  but  when  it 
is  remembered  that  with  a  fair  number  of  ranges  in  use,  the 
demand  factor  will  probably  be  8,  the  feasibility  of  making  this 
business  profitable  with  a  low  rate  per  kilowatt-hour  becomes 
clearer. 

For  instance,  if  we  assume  a  monthly  consumption  of  100 

kw-hr.  per  range,  an  average  individual  demand  of  5  kw.  and  a 

demand  factor  of  8,  we  get  the  following  restdts  with  a  rate  of 

3  cents  per  kw-hr.  for  energy: 

Revenue  per  range  per  year $36 .00 

**  **  kw-year  of  range  demand 7 .  20 

«       «     «     «  station  demand 57.60 

So  far  this  paper  has  dealt  only  with  the  electric  range;  the 
next  point  to  be  considered  will  be  the  heating  of  water  for  the 
home. 

A  supply  of  hot  water  is  essential  to  the  satisfactory  use  of 
the  electric  range;  that  this  can,  in  many  instances,  be  accom- 
plished electrically,  is  not  questioned.  The  problem  is,  how  it 
shall  be  done. 

To  compete  with  coal,  wood  and  gas,  for  hot  water  heating, 
electricity  must  be  supplied  at  a  very  low  rate.  This  can  only 
be  done  by  securing  a  high  load  factor  for  the  service;  by  taking 
the  supply  from  valley  hours;  or,  by  limiting  the  use  of  the 
heater  to  those  hours  when  the  range  is  not  in  use. 

A  high  load  factor  can  be  secured  for  this  service  by  installing 
the  heaters  on  flat  rate  and  assuming  that  they  will  be  used 
continuously;  this  has  the  disadvantage  of  superimposing  their 
load  on  the  existing  peak.  The  revenue  they  return  must  then 
be  sufficient  to  yield  enough  per  kw-year  to  pay  for  all  the  fixed 
charges  depending  upon  maximum  demand  at  peak. 

The  disadvantage  of  limiting  the  use  of  water  heaters  to  the 
valley  period  of  the  system  load  is  that  a  very  large  amount 
of  hot  water  must  be  stored,  as  in  most  instances  the  valley 
hours  are  not  of  very  long  duration  and  occur  at  a  time  when 
there  is  no  need  for  hot  water.    The  result  is  that  if  the  hot  water 
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supply  is  depleted  during:  the  day,  there  is  no  alternative  for 
the  consumer  than  to  wait  until  the  next  day  for  more  hot  water. 
A  further  disadvantaj^e  is  the  expense  of  an  installation  to  supply 
such  a  system.  Time  switch,  large  capacity  heater,  and  large, 
well-insulated  storage  tank,  all  will  be  found  to  amount  to  a 
considerable  sum. 

The  third  method  of  limiting  the  use  of  the  heater  to  the  hours 
when  the  range  is  not  in  use,  has  some  of  the  advantages  of  both 
systems  with  less  of  their  disadvantages;  it  can  be  controlled 
by  a  double  throw  switch  or  by  a  special  rotary  snap  switch  now 
on  the  market  for  that  purpose.  The  diagram  of  \Niring  for  such 
an  installation  is  shown  in  Fig.  10.    The  effect  of  such  a  water- 
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Fig.  10 — Wiring  Diagram  for  Electric  Range  and  Water  Heater 

Controlled  by  Special  Switch 


heater  load  when  sui:)erimposcd  on  a  load  of  ranges  is  shown  in 
Fig.  4. 

It  will  be  seen  from  the  curves  on  this  figure  that  a  load  of 
42  ranges  gave  a  peak  of  33.41  kw.  when  operated  without  water 
heaters,  (Curve  A).  When  21  of  the  ranges  were  equipped  with 
600-watt  water  heaters  on  double  throw  switches,  the  peak  was 
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1 1  .M  waUi  heaters  pay  $24.00  each  per  year,  we  would  get 
iu  ulvliiiniial  revenue  of  $504.00,  or  a  total  of  $2016.00  from 
ilu  lah^rs  and  water  heaters  combined.  The  demand  is  now 
Hi  .r«l  In  37.17  kw.  which  gives  a  return  of  $53.70  per  kw-year. 
1 1  I;.  ( (UK  (ivalile  that  the  addition  of  such  a  water-heating  load 
iiii^'hl  make  an  otherwise  unprofitable  installation  of  ranges, 
|)Htiilal)le. 

k().'ar(linK  the  size  of  heater  required  for  this  purpose,  there 
an*  f(*vv  accurate  data  which  can  be  offered.  The  600-watt  size 
a|)|jears  to  be  the  smallest  that  wdll  work  satisfactorily  while 
ii.  is  seldom  that  a  heater  larger  than  1.5  kw.  is  required.  The 
number  of  jjeople  in  the  family,  their  habits,  the  size  of  the 
sioraKc  tank,  the  system  of  hot  water  distribution,  all  affect 
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Is  this  position  well  taken?  Is  not  the  service  of  society  the 
main  object  that  should  stimulate  the  engineering  profession 
and  is  there  any  problem  more  worthy  of  the  attention  of  the 
engineer  than  the  problem  of  supplying  food  to  the  citizens  of 
the  community?  Certainly  this  is  a  problem  far  more  important 
than  the  problem  of  supplying  the  luxury  of  light. 

The  humble  work  of  heating  water  is  certainly  as  vital  to 
the  advance  of  the  community  as  any  that  may,  on  the  surface, 
appear  more  poetic  by  reason  of  the  handling  in  one  unit  of  a 
large  capacity  of  power.  The  cake  of  soap  has  been  considered 
an  index  of  the  progress  of  civilization,  but  of  what  little  use  is 
the  soap  without  hot  water  to  use  it  with. 

The  standards  of  the  Institute  have  been  looked  upon  by  both 
the  engineers  of  this  countr}-  and  by  those  abroad  as  indicative 
of  the  progress  of  the  art  and  as  representing  the  formulated 
practise  of  the  country.  Be  it  to  our  shame  that  there  is  in  the 
rules  of  standardization  no  mention  of  the  proper  installation 
of  electric  cooking  and  heating  appliances,  and  but  one  brief 
mention  of  the  insulation  of  the  heating  and  cooking  ap]}liances 
that  are  now  in  use  on  the  lines  of  every  central  station  in  this 
country. 

In  the  early  history  of  the  art  the  engineer  with  mistaken 
ideas  of  dictating  the  possible  for  the  practical,  (levelo])ed  heat- 
ing and  cooking  a])pliances  that  impeded  the  growth  of  the  use 
of  electrical  energy  for  the  saving  of  labor  in  the  home.  Be  it 
to  the  credit  of  a  few  men  of  wide  vision  that  this  is  not  the  case 
today. 
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Discussion  on  "Some  Features  op  Domestic  Electric  Cook- 
INGAND  Heating"  (Peirce),  Seattle,  Wash.,  Sept.  6, 1916. 

J.  B.  Fisken:  I  want  particularly  to  call  attention  to  the  para- 
graph in  which  the  author  refers  to  the  manner  of  heating  build- 
ings. It  is  true  that  electrical  heating  of  buildings  may  be 
practicable  in  one  commimity  and  not  in  another.  In  our  com- 
mimity,  where  we  have  a  temperature  varjdng  from,  perhaps, 
twenty  degrees  below  zero  in  winter  to  one  hundred  above  in 
stunmer,  itjwould  require  a  very  much  larger  installation  to  furnish 
heat  for  buildings  than  it  would  possibly  in  Seattle,  where  the 
temperature  variations  are  not  so  great. 

C.  E.  Magnusson:  It  is  essential,  in  order  to  secure  a  low  price 
for  electric  energy,  that  we  have  a  good  power  factor  and  a  good 
load  factor,  and  that  there  be  taken  into  consideration  a  seasonal 
load  factor  as  well  as  a  daily  load  factor.  If  the  heating  of  build- 
ings entirely  by  electricity  is  to  be  tmdertaken,  it  means  that 
for  a  short  period  of  the  year  there  would  be  a  tremendous  p>eak, 
and  the  rest  of  the  year  the  installation  would  stand  idle.  To 
install  a  system  for  supplying  electric  energy  for  heating  purposes 
which  would  be  adequate  for  two  months  of  the  year  when  the 
demand  would  be  greatest,  and  during  that  time  be  obliged  to 
supply  several  times  as  much  power  as  in  the  other  ten  months, 
when  the  demand  would  be  very  low,  seems  to  me  to  be  out  of 
the  question.  We  can  never  do  that,  because  it  will  never  be 
practicable  to  provide  the  machinery  which  would  be  required 
to  supply  the  heat  consumed  during  that  short  period  and  al- 
low that  machinery  to  remain  idle  during  the  balance  of  the  year. 
Therefore,  in  order  to  provide  a  seasonal  load  factor,  the  heating 
of  buildings  by  electrical  energy,  should  only  be  auxiliary  to 
steam  or  hot  air  heating  systems,  and  the  peak  of  the  winter 
would  be  taken  care  of  by  the  ordinary  furnace.  It  would  be  a 
great  relief  here  in  Seattle  if  we  could  have  a  small  amount 
of  heat  available  in  electrical  form  during  the  fall  and  spring 
months.  We  could  operate  our  furnaces,  then,  for  two  or 
three  months  each  year — probably  two  months  would  be  all  that 
would  be  required — and  by  following  this  plan,  we  would  be  en- 
abled to  provide  electric  energy  at  a  rate  suflSciently  low  to  make 
its  use  practicable  for  heating  purposes.  Some  of  the  engineers 
of  the  city  having  in  mind  the  paper  that  was  presented  this 
morning,  asked  us  at  the  University  to  make  some  experiments 
in  designing  a  heater  of  the  induction  type,  having  a  high  power 
factor.  I  think  there  is  a  general  feeling  that  resistance  heaters 
have  too  large  a  maintenance  expense,  and  that  the  induction 
heaters  on  the  market  at  the  present  time  have  too  low  a  power 
factor  to  make  them  practicable.  I  will  describe  a  hot  water 
heater,  modified  so  as  to  include  an  electric  heating  element,  which 
was  biiilt  at  the  University,  and  on  which  we  have  made  a  series  of 
experiments.  The  core  is  an  ordinary  iron  pipe  and  is  surrotmded 
by  a  copper  layer  sweated  on  to  the  pipe,  forming  the  secondary 
coil;  which  in  turn  is  surrounded  by  a  primary  coil  connected  to 
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the  electric  circuit.  With  that  simple  arrangement,  we  have  an 
induction  heater  with  a  power  factor  of  over  ninety-eight  and  one- 
half  per  cent.  I  think  that  with  a  heater  of  this  type  used  as 
auxiliary  on  a  hot-water  heating  system  of  a  house,  good  results 
could  be  obtained. 

W.  D.  Peaslee:  There  is  on  the  market  to  day  a  heater  con- 
structed on  that  identical  principal,  with  the  exception  that  they 
claim  that  it  is  not  a  short-circuit  transformer.  The  big  fault 
that  I  have  to  find  with  that  type  of  heater — I  made  some 
tests  on  one  this  year — was  that  it  is  so  very  sensitive  to 
voltage  variations.  That  is,  a  voltage  variation  of  two  per 
cent  as  the  machine  is  commercially  manufactured  at  the  present 
time,  gives  a  current  variation  of  something  like  forty  per  cent. 
You  are  all  very  familiar  with  the  short-circuited  current- voltage 
curve  of  a  transformer.  Unless  you  make  the  impedance  of  the 
secondary  so  high  that  you  lose  a  great  deal  of  the  beneficial 
effect  of  low  power  factor,  all  induction  heaters  that  I  have  had  oc- 
casion to  examine,  are  extremely  sensitive  to  slight  voltage  var- 
iations. For  instance  one  machine  that  I  put  under  test  this 
year  was  rated  at  1200  watts,  and  if  it  was  put  on  a  commercial 
load  in  the  city  in  which  it  was  to  be  used,  it  would  have  fluctu- 
ated between  900  and  1700  watts,  and  I  don't  believe  the  power 
companies  care  to  have  them  connected  with  their  feeders.  If  it 
is  on  a  flat  rate  they  are  losing  money  on  it.  While  that  machine 
can  be  so  designed  as  to  give  a  very  high  power  factor,  at  the 
same  time  its  characteristics  are  such  that  it  is  very  sensitive  to 
low-voltage  fluctuation.  I  know  the  one  made  in  Portland  has 
some  kind  of  a  silica  flux  put  over  the  coils,  and  the  only  way  to 
hurt  it  is  to  use  current  enough  to  actually  melt  the  apparatus. 

L.  F.  Curtis:  It  may  be  of  interest  to  know  that  this  heater 
has  practically  a  straight  line  curve  between  current  and  voltage. 
The  reactance  of  the  unit  is  so  small  that  it  has  practically  no 
effect.  The  iron  does  not  become  saturated  and  therefore  has 
little  influence  on  the  performance.  The  particular  unit  in  ques- 
tion was  used  in  a  seven-section  radiator,  and  when  run  at  about 
two  kilowatts  gave  a  rise  of  about  fifty  degrees  above  room  tem- 
perature centigrade  in  an  hour  and  a  half.  When  run  at  one  kilo- 
watt, the  temperature  was  maintained  at  approximately  fifty 
degrees  above  room  temperature.  The  power  factor  was  uni- 
formly above  ninety-eight  per  cent  in  all  of  the  tests  run  at 
different  voltages. 

R.  W.  Pope:  One  of  the  authors  of  the  paper  this  morning 
gave  some  figures  in  regard  to  household  heating,  lighting  and 
cooking,  which  compared  very  well  with  my  experience.  My 
house  is  a  nine  room,  frame  structure  clapboarded  and  shingled 
outside,  and  heated  with  hot  air,  and  lighted  with  gas,  with  an 
auxiliary  gas  burning  grate  in  the  dining  room  which  we  have  found 
exceedingly  satisfactory.  We  can  go  into  the  house  at  any  time 
of  year,  light  it  up  and  have  heat  available.  We  spend  about 
$150.00  a  year  for  all  purposes,  burning  about  fifteen  tons  of  hard 
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coal  at  $6.50,  the  gas  bill  for  all  purposes  averaging  about  $4.00 
per  month.  If  the  cost  of  electricity  is  $24.00  for  heating  water, 
and  $36.00  a  year  for  cooldng,  that  would  be  a  total  of  $60.00. 
leaving  a  $90.00  margin  for  the  heating  of  the  house.  Heating 
by  electricity  is  not  considered  economical,  compared  with  other 
methods. 

E.  R,  Perry:  I  think  it  will  be  interesting  to  consider  the  use 
of  electric  water  heaters  in  connection  with  the  electric  range. 
It  was  first  suggested,  as  stated  in  this  paper,  that  a  good  load 
factor  could  be  seciu'ed  for  this  service  by  installing  the  heaters 
on  flat  rate,  assuming  that  they  would  be  used  continuously,  which 
would  have  the  disadvantage  of  adding  their  load  to  the  existing 
peak.  To  eliminate  this  disadvantage  the  water  heater  was 
alternated  with  the  entire  range  by  a  double-throw  switch  arrange- 
ment. That  condition  gave  rise  to  a  little  dissatisfaction,  because 
the  people,  in  preparing  dinner,  used  a  great  deal  of  hot  water, 
drawing  it  all  out  of  their  tank,  and  the  small  capacity  heater 
provided'did  not  heat  the  water  up  again  soon  enough  for  their 
purposes.  It  was  then  suggested,  and  in  some  cases,  they  tried  to 
alternate  the  hot  water  heater  with  a  part  of  the  range,  and  the 
question  then  rose  as  to  what  part  of  it.  It  might  be  operated  with 
part  of  the  oven  of  equivalent  capacity,  or  some  other  part  of  the 
stove  with  equivalent  capacity,  but  this  was  found  to  give  the 
hot  water  peak  on  top  of  their  range  peak.  So  the  proposition 
generally  came  down  to  the  situation  where  it  was  found  best 
to  connect  the  water  heater  on  a  flat  rate,  and  make  the  rate  high 
enough  to  give  a  sufficient  revenue,  and  not  bother  with  the  range 
at  all,  because  a  hot  water  heater  of  500-watts  capacity  cannot 
be  satisfactorily  operated  in  connection  with  a  range. 

Prof.  Magnusson  mentioned  the  seasonal  load  factor  in  con- 
nection with  heating.  I  do  not  think  that  electrical  heating  will 
ever  be  very  successful,  as  long  as  it  is  an  auxiliary  to  other  systems 
of  heating.  The  general  public  will  not  have  a  duplicate  system  of 
heating  installed  in  their  homes,  and  use  electricity  as  an  aux- 
iliary. The  output  of  a  hydroelectric  station  in  this  section  of  the 
country  usually  runs  greatest  from  the  month  of  January  to 
the  month  of  July,  and  then  falls  off  during  the  rest  of  the 
year.  It  is  evident  that  the  seasonal  load  factor,  then,  which 
would  be  desirable,  would  be  to  use  electric  heating  from 
January  imtil  summer.  Unfortunately,  there  are  about  three 
cold  months,  October,  November  and  December,  which  come 
along,  when  there  is  not  a  great  deal  of  water.  In  most  hydro- 
electric systems,  I  dont  think  that  a  heating  load,  which  will 
cater  to  the  seasonal  load  factor,  will  do  the  job  of  heating 
the  houses.  Some  arrangement  will  have  to  be  worked  out 
for  electric  heating,  that  will  run  any  time  or  all  the  time  that 
the  peoi)le  want  it,  and  give  them  all  the  capacity  they  will  need 
to  keep  warm. 

H.  F.^ Holland:  I  think  i)ossibly  we  wdll  have  to  consider  our 
own  cities  in  making  deductions.     As  engineers,  you  must  not 
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overlook  the  fact  that  many  houses  are  going  to  be  heated  by 
electricity.  I  will  refer  particularly  to  Idaho.  In  a  school  house 
there,  something  like  800  kw.  of  heat  is  used.  In  another  case, 
about  500  k\v.  Many  of  the  houses  and  the  hospitals  are  heated 
by  electricity.  You  will  have  to  consider  that  you  are  not  work- 
ing in  Spokane,  or  New  York,  or  the  middle  west,  but  you  will 
have  to  consider  conditions  all  over  the  country,  and  it  is  well 
worth  your  while  to  consider  electric  heat  as  among  the  neces- 
sary things  to  be  supplied  by  your  power  systems. 

H.  J.  Gille:  There  is  one  thing  in  connection  with  this  water 
heating  proposition  that  has  not  been  touched  upon.  Where 
heaters  are  used  without  any  restrictions,  and  the  heater  is  just 
a  little  larger  than  would  be  required  for  continous  operation,  a 
sufficient  diversity  factor  will  be  obtained  by  the  heater  being 
used  only  during  the  night. 


PrestnUd  at  the  Pacific  Coast  Convention  of 
Tht  American  Institute  of  Electrical  Engineers, 
Seattle,  Wash.,  September  5.  1916 

Copyright  1916.     By  A.I.E.E. 


TEMPERATURE  RISE  OF  INSULATED  LEAD-COVERED 

CABLES 


BY    RICHARD    C.    POWELL 


Abstract  of  Paper 

After  a  brief  historical  note  the  factors  that  determine  the 
rating  of  a  cable  are  considered. 

The  thermal  conductivity  of  a  cable  is  expressed  in  terms 
of  the  volume  thermal  conductivity  of  the  insulation,  the 
surface  thermal  conductivity  of  the  lead  sheath,  and  the  dimen- 
sions of  the  cable.  The  values  of  the  thermal  conductivities  as 
given  by  various  observers  including  the  author  are  compared. 
A  diagram  is  shown  for  readily  obtaining  the  thermal  conduc- 
tivities of  one-conductor  cables,  and  tables  are  given  of  the 
carrying  capacity  of  one-conductor  cables  for  various  duct 
temperatures  and  thicknesses  of  insulation.  Factors  are  added 
so  that  the  carrying  capacity  of  multiple-conductor  cables  may  be 
taken  from  these  tables. 

Sometimes  the  lead  sheath  of  a  cable  carries  considerable 
stray  current.  A  formula  is  given  for  calculating  the  increased 
temperature  due  to  such  current. 

The  carrying  capacity  of  a  cable  is  largely  determined  by  the 
thermal  properties  of  the  duct  line  in  which  it  is  installed.  This 
feature  is  discussed  briefly. 

The  overload  or  intermittent  rating  is  calculated  from  a 
formula  involving  the  thermal  capacity  of  the  cable  multiplied 
bv  a  factor.  Experimental  values  of  this  factor  for  several  types 
of  cables  are  given,  A  formula  is  given  to  take  account  of  vari- 
able air  temperature. 

Various  formulas  given  in  the  paper  are  developed  in  three 
appendixes. 


I. — Introduction 

THE  limitation  of  the  current-carrying  capacity  of  elec- 
trical conductors  due  to  heating  effects  has  been  a  subject 
for  investigation  since  1849  when  Joh.  Miiller^  starting  with 
Newton's  Law  of  Cooling,  arrived  at  the  result  that,  for  bare 
wires  of  the  same  material,  the  current  required  to  produce 
the  same  rise  of  temperature  varies  as  the  1.5  power  of 
the  diameter.  We  now  know  this  to  be  incorrect  as 
the  exponent  is  nearer  1.25.      However,    the   subject    was   not 

1.  Gluhen  von  Metalldrahlen  durch  den   galvanischen   Strom.    Bericht 
uber  die  neuesten  Fortschritte  der  Physik.     Band  I. 
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really  seriously  considered  by  engineers  until  taken  up  by  Forbes^ 
in  1882.  Since  then  quite  a  number  of  investij^ators  have 
published  data  relating  to  the  heating  of  wires  and  cables,  and 
a  very  good  resume — of  the  whole  subject  up  to  1905  is  given  by 
Teichmuller  in  his  "Die  Erwarmung  der  Elektrischen  Leitungen." 

Since  Eurpoean  practise  is  to  employ  armored  cables  buried 
in  the  earth,  we  find  very  few  European  data  of  any  real  practical 
value  to  American  engineers  desiring  information  on  lead  covered 
cables  for  a  draw-in  system. 

It  was  not  until  1905  when  Fisher  published  the  results  of 
some  quite  extensive  tests  at  Niagara  that  current  ratings  for 
lead-covered  cables  began  to  take  definite  shape.  Based  upon 
these  tests,  Fisher  published  in  1906  a  table  of  current  ratings, 
which  has  been  quite  extensively  used  by  engineers. 

This  table  is  to  be  considered  more  as  a  good  safe  rule  applic- 
able under  somewhat  unfavorable  conduit  conditions,  rather  than 
data  which  enable  an  engineer  to  rate  a  cable  intelligently  in 
accordance  with  the  actual  conduit  conditions.  It  is  to  be  noted 
that  Atkinson  in  1913  at  the  discussion  of  an  Institute  paper  by 
Atkinson  and  Fisher,  gave  the  results  of  some  tests  in  a  form  more 
suited  to  the  use  of  engineers.  This  paper  and  discussion  will 
be  referred  to  later. 

Previous  to  the  above  mentioned  table  by  Fisher,  cables  were 
usually  rated  according  to  some  rule  allowing  a  certain  number 
of  amperes  per  unit  area,  generally  thousand  circular  units  or 
square  inch;     and  Fisher's  work  was  a  very  great    advance. 

In  order  to  expedite  matters  for  a  subject  such  as  cable  ratings, 
where  there  is  an  almost  endless  variety  of  conductor  sizes, 
insulation  thickness,  types  of  make  up,  etc.  and  at  the  same 
time  make  it  possible  to  compare  properly  the  work  of  various 
investigators,  the  problem  must  be  reduced  to  its  simplest 
physical  terms.  That  is,  the  complexity  must  be  reduced  by 
considering  only  the  independent  physical  constants.  Once  these 
have  been  established,  any  engineer  having  the  dimensions  of 
a  cable,  and  sufficient  data  upon  the  surrounding  temperature 
may  obtain  a  dependable  rating  cable. 

In  searching  through  the  available  literature,  the  writer  has 
found  only  a  few  papers  that  conform  to  the  above  requirements 
and  which  may,  therefore,  be  a  basis  for  proper  comparison. 
These  are: 

2.  On  the  Thickness  of  Wires  Required  to  Carry  Different  Electric 
Currents  without  Overheating.    Electrician  (London)  1882. 
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Mie, — Uber  die  Warmeleitung  in  einem  verseilten  Kabel, 
Elekt.  Zeit.  1905. 

Melsom  &  Booth — The  Heatinj^:  of  Cables  with  Current. 
Jour.  Inst.  Elec.  En^rs.  Vol.  47 — 1911. 

Atkinson  and  Fisher — Current  Rating  of  Electric  Cables, 
Trans.  Am.  Inst.  Elec.  Engrs.  1913,  p.  325. 

Dushman — The  Heating  of  Cables  Carrying  Current.  Trans. 
Am.  Inst.  Elec.  Engrs.  1913,  p.  333. 

The  purpose  of  the  present  paper  is  to  discuss  more  particu- 
larly the  carrying  capacity  of  paper-insulated  cables,  although 
it  will  be  evident  that  much  of  what  follows  is  applicable  to 
cables  insulated  with  other  materials. 

II — Rating  of  Cables 

The  rating  of  an  insulated  cable  is  determined  by 

A.  — Continuous  rating. 

1.  The  maximum  temperature  at  which  the  insulation 
may  be  operated  without  undue  deterioration. 

2.  The  thermal  conductivity  of  the  cable. 

3.  The  thermal  condition  and  ])roperties  of  the  surround- 
ing medium,  usually  the  air  in  a  conduit  system. 

B.  — Overload  or  intermittent  rating,  in  addition  to  1,  2,  and 

3  under  A. 

4.  The  thermal  capacity  of  the  cable  and  surrounding 
medium,  that  is,  the  ability  of  the  cable  to  store 
a  portion  of  the  heat  released  in  the  conductor,  and 
thereby,  for  short  ])enods  of  time,  to  ])ut  less  demand 
upon  the  cable  as  a  dissipator  of  heat. 

It  is  demonstrated  in  works  on  heat  and  is  a  fact  so  well  known 
as  not  to  require  ])roof  liere  that  the  tliermal  conductivity  of  an 
infinite  hollow  cylinder  in  watts  per  cm.  of  lengtli  per  deg.  cent, 
is 

2  7r  X 

in  which      X  =  specific  thermal  conductivity  of  the  material  in 

watts  \)QY  deg.  cent,  per  cm. 
In  =  N  a  peri  an  logarithm 
d\  =  outer  diameter  of  cylinder 
d  =  inner  diameter  of  cylinder 
For  a  cable,  di  and  d  are,  of  cotu'se,  the  inner  diameter  of  the 
lead  sheath  and  the  diameter  of  the  conductor  respectively. 


,020  ^'  I  ''I'liE   ■R^-?£  [Sept.  6 

In  sT>l^^Sm-  v>J(WM*'«  vl'  »*'  ttteniuil  measurements  of  cables,  it 
juTT^^tju^^^-^i  J^^^^^W^i^l»^*l  •'"■"""'luctor  and  the  sheath  are  in 
wi\  i-Nnw  .^v^^»^^•4  *'*tli  the  insulation,  and  that  there  is  no 
^.^.v,>-s-v^1^V  »vmM'W«tiirf  ilrup  from  the  conductor  to  insulation 
,.,,  11|^^S^^  S'tMWtntM'lt  i^'  K^i^Ekth.  This  assumption  may  not  be 
,^s^-^^<,>.  Vit,^»  il  w  ulways  advisable  to  obtain  values  for 
\  l|^^^^t^  nhM^itWoUfUls  on  actual  cables  instead  of  from  the  in- 
tsvmn'H  l.n'inl  m>  im  cylinders,  etc.  It  may  be  said,  however. 
\U\ii  VA|iulii>ii  (11  when  applied  to  cable  measurements  gives 

Uiu  Biiilmv  ihurmal  conductivity  of  the  lead  sheath  to  air 
i...  Ill  walls  I'lT  nil,  of  length  per  deg,  cent. 

k,  =  vdi  h  (2) 

Hliini!/(  -  specific   surface   thermal    conductivity-   for   lead    to 
air  in  watts  per  defj.  cent,  per  cm". 
ill  =  (inter  diameter  of  the  sheath  in  cm. 
Tlie  tliL-nnal  conductivity  of  the  cable,  that  is,  the  watts  per 
iLii.    |)er  di--j;    cent,  difference  in  temperature  of  the  conductor 
and  the  ;iii-  surrounding  the  lead  sheaLli  is 

*  -  ii¥lr  '" 

This  expression  is  at  once  recognized  as  that  givinp  the  elec- 
trical conductivity  of  two  conductors  in  series  and  the  analogous 
llicrtnal  conductors  in  series  are  the  insulation  and  the  lead 
sheath. 

It  is  now  readily  seen  that  it  is  only  necessary  to  agree  upon 
values  for  X  and  h  in  order  lo  establish  ratin^;s  for  all  one-con- 
ductor cables.  Various  observers  have  obtained  somewhat 
widelv  dillcriiit;  values  for  these. 


1                                \                h                \ 

r.  ..,..>,..„„.„..        j           r,.wu.h..ti,. 
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It  will  be  apparent,  after  examining  into  the  conditions  of 
the  cables  tested,  that  the  above  values  are  in  reasonable  agree- 
ment. Atkinson  and  Fisher  state  that  they  tested  new  cables 
with  bright  lead  sheaths,  and  Dushman  presumably  made  his 
tests  upon  new  cables.  The  writers'  values  are  from  tests  on 
old  cables  taken  from  service  as  well  as  on  new  cables,  and  it 
is  to  be  especially  noted  that  the  variation  in  X  is  greater  than 
that  given  by  any  other  observer,  excepting  Melson  and  Booth, 
and  the  writer  is  unable  to  state  anything  regarding  the  age  of 
the  cables  tested  by  them. 

The  values  0.00114  for  X  and  0.0009  for  h  were  found  for  new 
cables  with  well  saturated  paper  and  bright  sheaths,  and  are  in 
very  close  agreement  with  the  values  by  Atkinson  and  Fisher. 

The  value  h  =  0.0011  found  by  the  writer  for  lead  with  dis- 
colored and  roughed  surface  is  the  same  as  Dushman's  value  for 
lead  painted  black.  It  is,  of  course,  well  known  that  lead  under 
these  conditions  is  a  better  thermal  dissipator. 

The  value  0.00081  for  X  was  measured  upon  a  piece  of  500,000- 
cir.  mil.  5/32-in.  lead  cable  which  had  been  in  service  for  a 
number  of  years.  The  paper  was  in  excellent  condition  and  of  a 
very  strong  quality.  It  was  so  dry,  however,  that  there  was  not 
a  trace  of  free  oil  and  it  had  the  slightly  translucent  appearance 
of  thick  oiled  paper.  'The  writer  has  tested  a  number  of  pieces 
of  old  cables  taken  from  service  and  the  values  for  X  all  ranged 
from  0.00081  to  0.00092,  none  showing  so  good  values  as  for 
new,  well  saturated  cables. 

In  the  writer's  opinion  the  degree  of  saturation  and  hence  the 
age  (since  there  is  more  or  less  continual  drying  action  in  service) 
has  an  important  bearing  upon  the  carrying  capacity  of  paper 
insulated  cables. 


Thermal   CoNDUCTivmiiS   in    Waits    Per    Fr.    Pkr    Deg.    Cent,    of  New   and   Old 

PaPER-InSI   LATED    CaBI.ES 


Size 
cir.  mils 

Thickness 

of 
insulation 

Observer 

Atkinson  &  Fisher 
A.I.E.E.  1913 

Powell 
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Althoug:h  the  thermal  conductivity  of  the  paper  decreases  with 
service,  that  of  the  lead  increases,  and  the  two  effects  just 
about  balance,  so  that  an  old  cable  has  nearly  as  good  carrying 
capacity  as  a  new  one. 

The  values  due  to  Atkinson  and  Fisher  are  for  new  cables 
and  are  those  calculated  from  the  table  given  in  the  discussion 
of  their  previously  mentioned  paper  and  increased  by  12  per  cent 
to  agree  with  their  test  values.  Except  as  noted,  the  writer's 
values  are  for  old  cables. 

Values  of  X  and  h  to  be  Used  in  Determining  Carrying  Capacity, 
The  above  mentioned  table  recommended  by  Atkinson  and 
Fisher  is  based  upon  X  =  0.00100  and  h  =  0.000833. 

It  is  beHeved  that  the  value  of  X  is  too  high  for  cables  after 
several  years  service,  and  h  is  too  low  even  for  new  cables  after 
being  exposed  to  the  air  for  a  few  months.  The  writer,  therefore, 
proposes  ratings  for  paper  cables  based  upon  X  =  0.00085  and 
h  =  0.001.  First  class  cables,  particularly,  in  a  short  time  after 
installation,  will  usually  show  15  per  cent  to  20  per  cent  greater 
carrying  capacity  than  that  calculated  from  these  values,  and 
most  old  cables  of  the  same  quality,  10  per  cent  greater.  However, 
allowance  must  be  made  for  paper  and  saturation  which  may  not 
be  of  the  best,  for  inaccuracies  of  measurements  on  cables  in  a 
conduit  system,  and  some  uncertainty  as  regards  heating  due 
to  sheath  currents. 

If  /  is  the  thickness  of  insulation  in  inches  and  X  =  0.00085, 
equation  (1)  becomes 

k.  =  2^X000085  ^  3^,  ^^ 


/ 


-{'^^ 


0.1625 


( 


Inll  + 


watts  per  ft.  per  deg.  cent.     (4) 
Similarly,  equation  (2)  becomes,  if  dz  is  in  inches, 

ki  =  w  dzX  0.001  X  6.45  X  12 

=»  0.244  di  watts  per  ft.  per  deg.  cent.  (6) 

These  two  equations  suggest  a  comparatively  simple  diagram 

for  obtaining  *,  the  thermal  conductivity  of  the  cable    Such  a 
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diagram  is  Fig.  1,  proof  of  which  is  given  in  Appendix  I.    To  use 
the  diagram  proceed  as  follows : 

2( 
Follow  the  ordinate  through  the  given  value  of -7- to  its  inter- 
section with  the  curve  C,  thence  horizontally  to  the  scaie  at  the 
left.  Through  this  point  on  the  vertical  scale  and  the  value 
for  dt  on  the  lower  horizontal  scale  pass  the  edge  of  a  transparent 
triangle  or  straif,'ht  edge,  and  the  intersection  of  this  with  the 
line  L  is  A  read  off  on  the  vertical  scale. 


- 

/ 

/ 

/ 

1 

/ 

inr 

y 

^ 

/ 

K, 

/ 

t- 

/ 

/ 

»i 

/ 

■^ 

--£. 

— 

— 

ci 

1 

With  the  helj)  of  lliis  diagram,  the  three  curves  in  Fig,  2  have 
been  drawn.  These  curves  give  the  thcrmiil  conductivities  of 
one-conductor  paper  cables  for  various  sizes  of  conchictor.=(  and 
three  thicknesses  of  insulation,  viz.  4/32  in. ;  8/32  in. :  and  10/32 
in.  Values  for  any  intermediate  thickness  of  insulation  mav  be 
readily  interpolated. 

As  a  maximum  safe  temperature  for  saturated  paper  80  deg, 
cent.,  the  value  allowed  in  the  Rules  of  the  Institute  mav  be  ac- 
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cepted  i\-ith  every  assurance  that  it  is  conservative  and  does  not 
represent  the  maximum  temperature  that  this  material  will  stand 
without  deterioration.  The  Institute  Rules  call  for  a  reduction 
from  85  deg.  cent,  of  one  degree  for  each  thousand  volts  of 
operatin}-  voltaKe.  ,  .         , 

The  maximum  current  carrymg  capacity,  or  the  rating  of  a 
cable  is  j,'iven  by 

W.   =  I*r,  =  k{e—Bi)  (6) 

in  which  /  =  the  current  in  amperes 

\V,  =  watts  lost  per  ft.  at  temp.  B 
f,  =  resistance,  per  ft.  at  temp.  B 
$  =  maximum  allowable  temperature  for  the  conductor 
Sj  =  temperature  of  air  in  duct. 
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which  was  in  rather  good  contact  with  the  paper  when  the  core 
was  finally  slipped  into  place.  To  guard  against  the  escape  of 
heat  at  the  ends,  they  were  filled  for  several  inches  with  felt. 
The  values  of  X  for  core  temperatures  of  75.5  deg.  cent,  and 
118  deg.  cent,  differed  by  less  than  2  per  cent.  The  writer, 
therefore,  concludes  that  the  above  assumption  is  incorrect. 
Moreover,  it  is  to  be  particularly  noted  that  the  error  in  neglect- 
ing the  temperature  coefficient  of  copper  is  not  on  the  safe  side. 
In  the  following  tables  |-in  lead  has  been  assumed.  Although 
the  smaller  cables  invariably  have  thinner  lead,  the  difference 
from  I  in.  is  not  sufficient  to  cause  appreciable  error. 


III.     Tables  of  Carrying  Capacity,  in  Amperes,  of  one- 
CoNDUcTOR  Paper-Insulated  Lead-Covered  Cables. 


TABLE    L 

Insulation  4/32  in.     Working  Pressure  750  Volts.      Maximum  Temperature  85  Dec. 

Cent. 


-0 


133 

154 

181 

200 

240 

277 

320 

37G 

418 

475 

570 

670 

870 

1070 

1240 

1410 

1700 


Temperature  of  air  in  duct  deg.  cent. 


290 

340 

380 

430 

515 

608 

790 

970 

1120 

1275 

1535 


256 
300 
333 
379 
454 
535 
695 
855 
990 
1125 
1355 


40 

50 

60 

120 

lOG 

90 

139 

122 

104 

164 

144 

122 

182 

160 

136 

220 

192 

163 

250 

220 

187 

217 
254 
282 
320 
385 
4v')4 
590 
725 
840 
950 
1150 


70 


70 
80 
95 
105 
126 
145 
168 
197 
219 
248 
298 
351 
456 
560 
650 
735 
890 
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TABLE   II. 

Insulation    8/32  In.     Working    Prbssurb    5000    Volts.     Maximum    Tbmpbraturb 

80  Dbg.  Cbnt. 


Temperature  ol 

^  air  in  duct. 

Deg.  cent. 

Sixe 

30 

40 

50 

60 

70 

4 

125 

112 

97 

79 

56 

3 

145 

129 

112 

91 

64 

2 

100 

149 

129 

105 

74 

1 

181 

162 

140 

115 

81 

0 

214 

192 

166 

135 

96 

2-0 

251 

225 

195 

159 

112 

3-0 

290 

259 

225 

183 

130 

4-0 

339 

303 

262 

214 

151 

260  M 

371 

332 

288 

235 

166 

300 

431 

385 

333 

272 

192 

400 

519 

464 

402 

328 

232 

600 

610 

545 

472 

386 

273 

760 

785 

702 

609 

497 

352 

1000 

955 

855 

740 

605 

427 

1250 

1100 

980 

860 

695 

490 

1500 

1255 

1125 

970 

795 

560 

2000 

1510 

1360 

1170 

955 

675 

Insulation  16/32  In. 


TABLE   III. 

Working  Prbssurb  15.000  Volts. 
70  Dbg.  Cbnt. 


Maximum   Tbmpbraturb 


Temperature  of  air  in  duct.  Deg.  cent. 

Size 

30 

40 

60 

60 

4 

107 

93 

76 

53 

3 

122 

106 

86 

61 

2 

139 

120 

98 

70 

1 

152 

132 

108 

76 

0 

181 

157 

128 

90 

2-0 

208 

181 

147 

104 

3-0 

239 

207 

169 

120 

4-0 

284 

246 

201 

142 

250  M 

312 

270 

221 

156 

300 

351 

305 

248 

175 

400 

420 

364 

297 

210 

500 

490 

423 

345 

245 

750 

632 

548 

447 

316 

1000 

766 

664 

542 

383 

1250 

900 

780 

635 

450 

1500 

1015 

880 

720 

510 

2000 

1225 

1060 

865 

610 
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IV.     Carrying  Capacity  of  Multiple-Conductor  Cables 

The  preceding  tables  maybe  used  for  multiple-conductor  cables 
by  applying  the  following  factors  to  the  carrying  capacity  of 
one-conductor  cables  having  the  same  total  thickness  of  insula- 
tion. 


Number 

Type  of  cable 

Multiply  one  conductor 

conductors 

capacity  by 

2 

Flat  or  Figure  8 

87  per  cent 

2 

Round 

80         do 

2 

Concentric 

75         do 

3 

Round 

70         do 

3 

Oval  Sector 

77         do 

3 

Cloverleaf  Sector 

80         do 

4 

Round 

67         do 

Thus,  the  carrying  capacity  of  a  4/32  X  4/32-in.  round, 
three-conductor  cable  is  70  per  cent  of  that  for  an  8/32-in.  one- 
conductor  cable. 

The  subject  of  multiple  conductor  cables  is  treated  more  fully 
in  Appendix  II. 

V.      Increase  of  Temperature  Due  to  Sheath  Currents 

It  happens,  not  infrequently,  that  cable  vsheaths  carry  con- 
siderable current.    This  current  may  be  stray  railway,  or  neutral 
or  currents    induced    by  alternating    currents    in    neighboring 
one-conductor  cables. 
Let  lu  =  watts  per  ft.  loss  in  conductor 
w'  =  watts  per  ft.  loss  in  sheath 

k,  k\,  and  ^2  =  thermal  conductivities,   for  cable,   conductor 
to  sheath,  and  sheath  to  air,  respectively. 
0  =  conductor  temperature  above  initial 
0'  =  sheath  temperature  above  initial 
Thcnu'  =  kx  (6-6') 

Eliminating  6'  we  have 

6  =  ^  -f-  ^' 
k      ki 


or,  the  temperature  of  the  conductor  is  increased  by  the  amount 
w' 


k. 


,  which  is  the  temperature  the  sheath  would  have  with  the 


same  current  in  the  sheath  but  no  current  in  the  conductor. 
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As  an  example ;  a  1 ,000,000-cir.  mil  4/32-in. ,  i  in.  lead  one-con- 
ductor cable  which  has  a  sheath  resistance  of  0.00017  ohms  per 
ft.  will  operate  at  an  increase  in  temperature  of  5  deg.,  17  deg. 
and  40  deg.  with  sheath  currents  of  100  amperes,  200  amperes  and 
300  amperes  respectively.  The  effect  of  small  or  moderate 
sheath  currents  may  be  neglected,  but  large  currents  must  be 
avoided. 

VI.     Cables  in  Duct  Lines 

The  carrying  capacity  of  a  cable  is  largely  determined  by  the 
thermal  properties  of  the  duct  line  in  which  it  is  installed,  and 
hence,  will  vary  greatly  with  type  of  construction  and  character 
of  soil.  In  order  to  determine  the  proper  carrying  capacity  of 
cables  with  any  degree  of  reliability,  it  is  necessary  to  make  a 
temperature  survey  of  the  conduit  system.  Or,  at  least,  sufficient 
data  must  be  gotten  covering  the  various  types  of  construction 
and  soil  conditions  to  enable  one  to  make  a  reasonably  accurate 
estimate  of  temperatures. 

It  will  be  found  that  the  thermal  conductivity  of  a  duct 
line  is  a  constant,  and  is 


w 
k  =  -Q -K-  watts  per  ft.  per  deg.  cent.  (13) 

where  w  =  total  watts  per  ft.  loss  in  duct  lines. 
dd  —  mean  temperature  of  air  in  ducts 
9  a  =  temperature  of  air  at  surface  of  street 

This  equation  will  apply  after  the  temperatures  in  the  ducts 
have  become  steady,  usually  only  after  one  or  two  weeks.  It  is 
to  be  noted  that  the  temperature  of  the  external  air  has  an 
important  bearing  upon  the  subject  and  that,  under  otherwise 
similar  conditions,  a  duct  line  will  run  much  warmer  in  summer 
than  in  winter. 

In  practise,  loads  are  seldom  steady;  hence,  the  temperature 
of  the  air  in  ducts  follows,  more  or  less  closely,  the  load  varia- 
tions, although  it  will  be  found  that  the  earth  directly  in  contact 
with  the  conduit  changes  only  with  the  seasonal  variation  of 
load. 

The  problem  may  conveniently  be  divided  into  two  parts; 
viz.,  one  having  to  do  with  heat  transference  from  the  air  in  the 
ducts  to  the  earth  directly  in  contact  with  the  conduit,  and  the 
other  with  transference  from  the  earth  to  the  air  at  the  surface. 
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For  the  first,  the  thermal  conductivity  is 

^d  =    -n n-  watts  per  ft.  per  dee.  cent.  (14) 

In  this,  Wd  =  maximum    watts    per    ft.    loss    at    stationary 

maximum   temperature    6d   for   air   in    ducts. 
Om  =  soil  temperature. 
For  the  second,  we  have 

kt  =  -^ — ^-K-  watts  per  ft.  per  de^.  cent.  (15) 

where         w^  =  average  watts    per  ft.    loss  for  a  given    load 

cycle. 

For  most  loads  the  cycle  is  probably  a  week. 

All  thermal  measurements  on  duct  lines  should  be  made  mid- 
way between  manholes,  as  this  is  the  warmest  point.  vSoil  under 
pavements  which  are  a  considerable  distance  from  unpaved 
sections  rarely  has  the  variation  in  moisture  content  found  in 
soil  under  unpaved  streets.  Hence,  measurements  in  soil  under 
pavements  as  above  may  be  made  at  almost  any  time  of  the  year, 
but  in  other  soil  should  be  taken  at  the  dry  est  season. 

The  losses  iVd  and  u',  may  be  calculated  from  the  station  load 
reports,  and  dd  is  taken  with  a  recording  thermometer.  Measure- 
ments for  dd  should  be  taken  in  several  ducts,  particularly  if 
there  is  a  large  number  in  the  run. 

After  kd  and  kg  have  been  obtained  the  eUect  of  change  in 
loading  for  the  cables  already  installed,  or  effect  of  additional 
cables  may  be  calculated. 

Let  Wd'  be  the  maximum  duct  loss,  and  w/  the  mean  loss  over 
the  cycle  for  the  whole  conduit,  both  in  watts  per  ft.  after  the 
change. 
Then  the  new  soil  and  duct  temperatures  are: 


k. 


Kd  Kd  Kg 

It  is  hoped  that  the  preceding  discussion  of  duct  line  tempera- 
tures may  assist  in  forming  a  clear  conception  of  the  physical 
principles  involved.     For  only  in  this  way  may  we  expect  to 
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make  a  duct  line  in  any  degree,  amenable  to  design  as  a  dissi- 
pator  of  heat.  The  writer  does  not  wish  to  leave  the  slightest 
impression,  however,  that  judgment  and  experience  are  not  of 
the  highest  importance  in  designing  duct  lines  and  may  be  re- 
placed by  some  equations  and  a  table  of  data.  But  unless  backed 
up  with  quantitative  information,  ''judgment  and  experience" 
are  apt  to  be  nothing  but  snap  judgment  and  mental  impressions. 
If  the  large  investments  in  duct  lines  and  cables  are  to  be 
operated  with  the  greatest  economy  and  reliability,  it  is  very 
necessary  that  we  increase  materially  our  rather  meager  supply 
of  information  on  the  question  of  heating  in  conduit  systems. 

VII — Overload  or  Intermittent  Rating 

If  a  constant  load,  in  amperes,  is  applied  to  a  cable,  the  temper- 
ature rise   of  the  conductor,   at  any  time  after  application  of 

the  load,  is  given  by  the  equation 

0  =  9(1  =  €-^')  =T-^^  A-e"      '       )  (11) 

in  which  6  =  temperature  rise  above  initial  temperature  at 

time  /, 

0  =  final  temperature  rise, 

€  =  base  of  Naperian  logarithms, 

r.      k  -  aw  .     , 

p  =  =  constant, 

c 

t  =  time  in  hours. 

iv  =  watts  loss  per  ft.  at  initial  temperature. 
a  =  temperature    coefficient    of    copper  ^referred    to 

initial  temperature. 
c  =  constant    depending   upon    thermal    capacity    of 

cable. 

It  is  sometimes  assumed  that  c  is  equal  to  the  total  thermal 
capacity  of  the  cable,  which  is,  of  course,  assuming  that  the 
rate  of  temperature  rise  is  the  same  for  all  parts  of  the  cable. 
This  assumption  is  incorrect.  It  is  at  once  apparent,  for  example, 
that  the  rate  of  temperature  rise  of  the  lead  sheath  is  not  so 
great  as  that  of  the  conductor,  particularly,  for  heavily  insulated 
cables.  The  error  is  not  appreciable  for  small  cables,  but  for 
large  well  insulated  cables  the  above  assumption  leads  to  results 
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which  are  in  error  on  the  danger  side,  that  is  give  too  small  a 
value  for  j8  and  hence  a  lower  temperature  rise  in  a  given  time 
We  may  put 

C  =  Ci  +  ^  (  C2  +  C3  )  (12) 

where  Ci  =  thermal  capacity  of  the  conductor  in  watt- 

hr.  per  ft. 
C2  —  thermal  capacity  of  the  insulation  in  watt-hr. 

per  ft. 
cz  =  thermal  capacity  of  the  lead  sheath  in  vvatt-hr. 

per  ft. 
p  =  constant,  depending  upon  the  type  of  cable. 
vSome  values  for  p  as  found  by  the  writer  follow : 


EXPERIMENTAL   VALUES    FOR 

CONSTANT    p. 

No. 

Size 

Thickness  of 

Thickness 

P 

conductors 

conductor 

insulation 

Lead 

1 

4/0 

7/16  Paper 

0.81 

500.000 

5/32       ' 

0.70 

■ 

1.000.000 

4/32       « 

0.70 

1.500.000 

4/32 

0.77 

3 

4/0 

13/64X13/64   Paper 

0.595 

250  M  Submarine 

(6/32  rubber  +  2/32 
Var.  CI.)  X  5/32 
Var.  CI. 

5/32  +   41 
No.  4  Steel 
Armor  Wires 

0.59 

From  data  given  by  Dushman  for  a  one-conductor  250,000, 
4/32-in.  rubber  cable,  p  was  found  to  be  0.80. 

Hence,  for  practical  purposes,  it  appears  that  we  may  put 
p  =  0.75  for  one-conductor  and  p  =  O.GO  for  three-conductor 
cables. 

The  following  quantities  may  be  used  in  calculating  the  thermal 
capacity  of  a  cable. 

Thermal  Capacity  in   Watt-IIr.  Per  Inch  Cube 

Copper,  iron,  steel 0 .  0152,5 

Lead 0.0064 

Rubber 0.00625  (Dushman 

Paper 0.0047 

For  a  further  discussion  of  equations  (11)  and  (12)  see  Appendix 
III. 

In  Fig.  3,  is   shown   some  test   curves    together   with    those 
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With  the  assistance  of  a  curve,  Fig.  4  giving  (1  -  €'") 
for  various  values  of  j3/,  we  may  very  readily  obtain  the  tempera- 
ture at  any  time  (,  provided  the  final  temperature  G,  and  the 


/    %y^ 

c 

^^S— ,: : ^' 

3*56 


time -hours 
Pic.  3 — Rate  of  Tbhperatuke  Rise  op  Cables 


d  13/04  X  13/04  paper  | 


«-0S(l    -I 


500.000  cm.  l-conductor  S/32  paper  I  lead  GOO    (-30(1- 

ZSO.OOO  cm.  .l-conductor  lubmarine  (0/32  rubber  -t- 
2.32  var.  cl.)  X  G/32  var.  d.  S/32  lead  and  41 
No.  4  Bted  armorwitti.  310    t-iT(l- 

its  calculated  from  equation!  ihown  X. 


time  constant   ^  are  known.     These,  however,  may  easily  be 
computed  with  the  preceding  equations  and  data. 

For  example,  let  it  be  required  to  find  the  time  for  a  1,000,000- 
cir.  mil  4/32-in.  paper  cable  to  reach  85  deg.  cent,  starting  at  a 
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temperature  of  40  deg.  cent,  with  a  load  of  1200  amperes.    It  is 
assumed   that   the   temperature   of   the   surrounding   medium 


d  r\        t 
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-mK  If  tkrt»  m<i*w>M  -ft  «UH.  that  is,  3  or  10  deg„  ne  may 
MBply  ftM  '^tK ^ftW^iiw  **  tiw  tinftl  temperature.  For  instance. 
in  itw  Pitw^ti  iVuHD^i  <>  sif  linal  duct  temperature  had  been 
M  »*ofc  'fh>i**^i  li  Ul'  Jm  ,  wc  should  have  had  e  =  91  deg.  and 

!!i"  W^t  't>*>t»->*i  111  >*««.■<  icmperature  is  large,  the  temperature 
i.-VHirKW*H  'A  -.*nWH-  JkmiW  not  be  neglected-  A  more  correct 
^•^hs;  <W  Mk  iilMM  I'lM?  x^i  a  cable  is 


t»  -  «.  +  i 


-B: 


Huki  *A  i>  rfk*  filial!  rise  the  cable  would  have  at  constant- 
iltt(;t  U;(HyQM«»i«»\  and  M»  is  the  final  increase  of  duct  air  tempera- 


I 


I'ur  LhL'  Kcnural  equation  involving'  variable 
,nui.ndix  HI. 


iture 


Many  III"  ihu  cable  lu^la,  from  which  the  data  given  above  were 
(akcn.  were  ma<le  by  the  Laboratory  Department  of  the  Pacific 
Cijis  and  IClvctric  t'i>nipany.  San  Francisco,  and  the  writer  de- 
sires to  lliank  Mr.  Knoi)]),  the  Snperintendvnt  and  his  staff  for 
the  very  careful  manniT  in  wliicli  these  were  done. 

APPENDIX   I. 

Deahkam    fok    FiNiMN't;    Thi:rm.vi.    Co\DrrT!viTiEs  of  One- 

CONDCITOH    CABLES 

This  construction  is  based  upon  a  well  known  geometric 
construction  which  is  sometimes  used  for  finding  graphically  the 
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the  ends  of  a  given  line  and  the  top  of  each  is  joined  to  the  foot 
of  the  other  by  a  straight  line  (the  lines  L  and  M  in  the  figure) . 
The  perpendicular  dropped  upon  the  base  line  from  the  inter- 
section of  these  two  lines  {k  in  the  figure)  is  connected  to  k\  and 
k^  by  the  relation 

1  1.1  ^  kik2 


k  k\  k'l  ki   +   ^2 

By  plotting  the  equation  ki  =   — '■ — ^r-r     the    curve    C    is 


•('+!) 


2/ 
obtained  giving  ^i  for  any  value  of  —r- 

The  straight  line  (L  in  the  figure),  ^2  =  0.244  </,i,  is  next  drawn. 
After  the  point  ^1  is  found  by  means  of  the  curve  C,  k  is  given,  for 
any  value  of  d^  by  the  intersection  of  the  line  L  and  the  line  M 
through  k\  and  the  point  P  distant  dz  from  0.  The  thermal 
conductivity  k  is,  of  course,  read  off  on  the  same  scale  as  ki. 
It  is  more  convenient  to  place  a  transparent  straight  edge 
through  ki  and  dz  than  actually  to  draw  the  line. 

APPENDIX  II 

Multiple-Conductor  Cables 

The  thermal  conductivity,  k\  from  conductors  to  sheath  for 
multiple-conductor  cables  having  the  conductors  laid  up  in  a 
single  layer  may  be  calculated  from  an  equation  given  by  Mie 
in  his  paper  previously  mentioned.  This  equation  covers  the 
usual  two-,  three-,  and  four-conductor  cables  for  power  pur- 
poses, and  is 

ki  =  —  watts  per  ft.  per  deg. 

In  [(1  -a/3)  +  v/(l  -  a^jd  -  ^)  (7) 
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?!  iiTid  fit  depend  U|x>n  the  size  and  number  of  conductors 
-Knf:  :t:i.-lnr-ss  (if  insiiliition, 

I:  /,  and  ti  are  the  thicknesses  of  insulation  for  conductors  and 
hi-tl  TTspcctively.  then 

R!  =  R,-\-  /,  +  I. 
and  Xi  =  2r  +  li,      fur  two-conductor  round  cables 

■■  2.16r  +  1.15(i  for  three  conductors 


2A2r  +  lAlls  for  four  conductors 


Tliequantit\'  (1  —ex  3)  +  v'(l  —  «')(!  —  0^)  =  m  is  approK 
imately  a  cnnstant  for  a  piven  type  of  cable,  and  the  followinj 
values  may  be  used, 

1.90  for  two  conductors,  and 

l.fl6  for  three  and  four  conductors. 

Equation  (7)  may,  therefore,  be  somewhat  simplified.  We 
mav  put 

K,  =  (a  +b)r 

whereupon,  a  ~  0  =  a(l-q)  =  a  ^  ^  ^  ^"^  _  ^  =  a  C, 

aud.  finally.  A,  =   ?^^ 

^»  „'-  (8) 

That  is,  a  multiple-conductor  cable  has  the  same  thermal 
conducti\ity  as  a  one-cnnducLnr  cable  of  the  same  outside  sheath 
diameter  and  a  conductor  diameter  equal  to 
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following  percentages  to  the  carrying  capacity  of  a  one-conductor 
cable  having  the  same  total  thickness  of  insulation. 


No.  Conductors 

Multiply  One-conductor  Capacity  by 

2 

80  per  cent 

3 

70     «       " 

4 

67     "       " 

Two-CoNDUCTOR  Flat  AND  Three-Conductor  Sector  Cables 


>•  Si'v 


111    X  \  !  1 1  i  1 1  If  i      — 
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i  -  ^-'   r  X  .  1.'  /  watts  per  ft.  per  deg.  oent. 

v*t^i)+*«  (10) 

*«  +  *.' 

• 

A*i  -  -, — 

In  -J- 
a 

27r  X 

k'2  = ;i— 


(^2 

/ra  =  0.244  di 

The  carrying  capacity  of  a  two-conductor  concentric  cable 
with  conductors  of  equal  area  may  be  taken  as  75  per  cent  of 
tViat  for  a  one-conductor  cable. 

Increasing  the  size  of  the  inner  conductor  is  of  very  little 
advantage,  for  example,  a  concentric  cable  with  1,250,000  cir. 
mil  inner  conductor  and  1,000,000  cir.  mil  out  has  only  about 
9  per  cent  greater  carrying  capacity  than  a  cable  with  both 
conductors  1,000,000  cir.  mil. 

APPENDIX   III. 

Rati-:  of  Temperature  Change  of  a  One-Conductor  Lead- 
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0r  =  final  temperature  (at  /  =  » )  at  the  point  P. 

€  =  base  of  Naperian  logarithms 

/3  =  constant  for  any  given  cable  and  loading. 

With  this  assumption,  the  quantities  9r  and  /3  may  be  ex- 
pressed in  terms  of  known  physical  constants  and  the  dimensions 
of  the  cable. 

In  the  following,  all  temperatures  are  in  degrees  centigrade 
above  the  initial  temperature  assumed  constant. 

Let  IV  =  watts  per  cm.  loss  in  cable  at  initial  temperature. 

a  =  temperature  coefficient  of  copper  referred  to  initial 
temperature. 

6    =  temperature  of  conductor  at  time  / 

Or  =  temperature  of  insulation  at  time  /  at  point  distant  r 
from  cable  axis. 

db  —  temperature  of  lead  sheath  at  time  / 

9    =  final  temperature  of  conductor. 

Br  =  final  temperature  of  insulation  at   point  distant  r 
from  cable  axis. 

06  =  final  temperature  of  lead  sheath. 

C\  =  thermal  capacity  of  conductor  in  watt-hr.  per  cm. 

C2  =  thermal  capacity  of  insulation  in  watt-hr.  per  cm. 

C3  =  thermal  capacity  of  sheath  in  watt-hr. /cm. 

p     =  density  of  insulation,  grams  per  cm.^ 

c     =  specific  heat  of  insulation  watt-hr.  per  gram. 

X    =  volume  thermal  conductivity  of  insulation;    watts 
per  deg.  per  cm. 

h     =  surface  thermal  conductivity  of  sheath  to  air,  watts 
per  deg.  per  cm.^ 

a   =  radius  of  conductor 

b     =  inner  radius  of  sheath 

dz  =  outer  diameter  of  sheath 

The  following  equation  expresses  mathematically  the  fact  that 
the  heat  generated  in  the  conductor  is  equal  to  that  stored  in 
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the  copper,  instilation  and  lead  plus  that  dissipated  at  the  surface 
of  the  lead. 


w{\+ae)  =  Cx 


H- 


per 


dt 


dr+Ct^+TThdte^ 


dt 


(2) 


Differentiate  equation  (1)  and 


or, 


de 

dt 

ddr 

dt 

ddr 
dt 


=  /8  e  «-<»'. 

e,    dO 

e  ' dt' 


1 


(3) 


d  6 

Substituting  this  value  for  -^-^  in  (2)  and  evaluating  the  inte- 
gral, we  find  after  substituting 


ki  =  — I »  ^2  =  Trds  A,  and  k  = 


in'- 
a 


ki  +  ij 


that 


w 


(1+a  fl)  =[  Ci  +  p  c  j  TT  (t«  -  a^)(l  +  ^^ 


Or,  we  may  write  this  in  the  form: 


in  which 


at 


C  =  Ci  +  P2C2  +  piCt 


(4) 


1916]  POWELL:    TEMPERATURE   RISE 


=  ^1  _  ^ 


In  practise,  we  may  approximate  further  and  put 

C  =  Ci  +  p{C2  +  Cz) 
The  integral  of  (4)  is 

k  -  a  w 

e^-^ —  1  -  «  ) 

k  —  aw \  / 


Variable  Air  Temperature 

Since  the  change  of  air  temperature  in  a  duct  line  or  ot 
location  where  cables  are  usually  installed  is  due  to  increa 
load  on  the  cables,  an  equation  of  form  (1)  will  express 
temperature  change  for  the  air.    Let  this  equation  be 

da  =  Bail  -  €-^«0 

in  which  the  temperatures  as  before  are  those  above  the  ini 
temperature. 

The  equation  of  heat  balance  for  the  cable  now  beco] 

w{l  +ae)  =  c'^^  +  kiB  -  da) 
and  the  solution  is 


C0{0-0a) 

In  which 
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f'or  most  practical  purposes,  one  may  put  )?«  =   ^  so  that  (8) 
hccomes 

^   =   (^^   +   i,       ^  Qa)    (1   -   €-^')  (9) 

That  is.   the  final  temperature  of  the  conductor  is  greater 
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Discussion  on  'Temperature  Rise  op  Insulated  Lead- 
Covered  Cables"  (Powell),  Seattle,  Wash.,  Sept.  5, 
1916. 

M.  T.  Crawford:  Reference  is  made  to  cables  in  duct  lines, 
stating  it  will  be  found  that  the  thermal  conductivity  of  a  duct 
line  is  constant.  A  formula  is  given  for  applying  this,  consider- 
ing the  temperature  of  the  air  in  the  ducts,  and  the  temperature 
of  the  air  at  the  surface  of  the  street.  There  is  one  thing  which 
should  be  considered  in  a  city  where  an  underground  system  of 
steam  heating  service  is  maintained.  Steam  mains  or  steam 
service  pipes  frequently  parallel  and  cross  duct  lines,  and  the 
close  proximity  of  the  steam  pipe  has  quite  an  effect  on  the  cables 
or  the  duct  lines.  This  will  be  much  greater  in  winter  than  in 
summer.  If  the  steam  line  belongs  to  another  utility,  the  exact 
location  of  it  with  reference  to  the  duct  line  may  not  be  very  defi- 
nitely known.  Sometimes  a  steam  line  crossing  a  duct  line  at  right 
angles  may  create  a  hot  spot  in  a  location  which  would  not  be 
noticed  at  man  holes,  or  not  easily  discovered.  This  matter 
should  be  considered  in  addition  to  the  temperature  of  the  air 
in  the  ducts,  and  at  the  surface  of  the  street. 

L.  T.  Merwin:  I  think,  perhaps,  the  experience  of  the  North- 
western Electric  Company  in  Portland,  along  the  line  Mr. Craw- 
ford has  just  spoken  of,  has  been  a  little  more  severe,  possibly, 
than  he  has  had  here,  owing  to  the  type  of  construction,  in  the 
alignment  of  the  steam  heating  mains  with  the  electric  lines. 
Fortunately,  or  unfortunately,  as  the  future  may  determine,  our 
electric  duct  Hnes  in  those  streets  that  carry  steam  heating  mains, 
lie  over  or  beside  them.  We  have  noticed  no  discomfort  elec- 
trically or  physically  in  handling  the  operation  and  maintenance 
of  the  system  under  ordinary  conditions.  But  in  our  last  sea- 
sonal high  water  period,  which  came  this  year  in  July,  rather  than, 
as  usual,  in  June,  owing  to  the  late  spring,  we  had  a  rather  dis- 
tressing set  of  conditions  to  combat.  It  was  the  first  time,  since 
our  system  was  installed,  that  we  had  had  very  high  water.  As  a 
matter  of  fact,  the  flood  stage  this  year,  reached  a  point  that  had 
been  reached  previously  only  twice  since  the  weather  bureau  has 
been  keeping  its  records.  While,  at  the  present  time,  for  in- 
stance, the  state  of  the  Willamette  River  is,  on  United  States 
Engineers'  gauge,  approximately  six  feet,  it  rose  to  the  level  of 
23.9  feet  on  July  4th  and  5th.  That  put  the  steam  lines  under  water. 
So  far  as  I  know,  it  is  practically  impossible  to  make  the  instal- 
lation of  steam  lines  thoroughly  waterproof,  although,  probably 
if  we  had  forseen  just  the  situation  that  subsequently  arose,  we 
might  have  obviated  some  of  the  difficulty;  but  the  fact  remains 
that  the  steam  lines  were  under  water,  and  subject  to  a  consider- 
able infiltration.  The  electric  duct  lines  overlying  the  steam 
pipes  were  then  subjected  to  a  very  high  temperature,  due  to  the 
fact  that  the  ground  was  thoroughly  saturated,  and  the  moisture 
in  the  ground  was  heated  not  merely  to  the  boiling  point  of  water, 
but  practically  to  the  temperature  of  the  pressure  we  are  carrying, 
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namely,  about  six  or  seven  pounds, — say  227  or  228  degrees 
Fahrenheit.  The  electric  duct  lines  are  of  vitrified  clay,  the 
joints  presumably  not  the  best  especially  in  one  street,  where  the 
construction  was  carried  on  with  heavy  interurban  trains  run- 
ning beside  it,  so  that  there  was  more  or  less  settlement  when 
the  lines  were  laid.  We  had  the  peculiar  anomaly  of  suffer- 
ing from  high  water  and  yet  being  face  to  face  with 
the  necessity  of  keeping  the  overlying  electric  duct  lines 
flooded  artificially  with  cold  water  in  order  to  keep  them 
cool.  Omt  paper  insulated  cables  were  subjected  to  a  tem- 
perature of  228  degrees,  even  imagining  that  the  cables  were 
carrying  no  current.  Now,  over  the  evening  peak,  the  cables 
carried  a  current  which  would  normally  bring  them,  for  the  time 
of  the  peak,  to  something  approaching,  we  will  say,  150  degrees 
Fahrenheit.  Then,  in  addition  to  this,  they  were  subjected  to  a 
flat  temperatiu^e  of  228  degrees.  I  should  say  that  in  the  neigh- 
borhood of  14,000  feet  of  lead  covered,  paper  insulated  cable  was 
affected,  and  of  that,  we  had  failiu-e  in  but  one  block.  During 
the  trouble,  and  subsequent  to  it,  I  have  been  endeavoring  to 
find  data  that  might  be  available  covering  the  quantitative 
value  of  the  deterioration  that  might  have  taken  place.  I  have 
been  unable  to  find  anything  in  oiu*  literatiu^e  on  the  sub- 
ject to  give  me  a  hint  as  to  what  I  might  expect  as  to  this  quan- 
titative value.  I  do  know  that  in  this  one  block,  we  had  one 
cable  fail.  Unquestionably,  we  must  attribute  it  to  the  excessive 
temperature,  but  whether  it  was  augmented  by  other  conditions, 
I  do  not  know.  Unforttmately,  the  trouble  arose  suddenly,  and 
our  force  being  small,  it  was  impossible  for  us  to  make  a  lot  of 
rapid  determinations  that  would  have  been  of  great  value  to 
have  on  record.  But  if  there  are  any  here  who  can  give  me  ap- 
proximately what  might  be  a  quantitative  value  of  the  deteriora- 
tion in  tKese  cables  that  I  might  expect  in  the  futiu^e,  I  would  be 
only  too  glad  to  receive  it,  or  to  be  directed  to  any  literatiu'e 
that  may  be  printed  on  the  subject.  In  this  paper,  reference  is 
made  to  the  maximiun  temperatiu^e  at  which  the  cable  may  be 
operated  indefinitely  without  undue  deterioration.  Whether 
there  is  a  time  element  involved  there —  presumably  there  is — 
I  don't  know.  In  our  case  for  a  period  of  at  least  24  days,  the 
temperatiu^e  of  certain  portions  of  our  cable  was  approximately 
220  degrees  Fahrenheit.  In  one  instance  where  a  steam  service 
line  crossed  under  a  10,000-volt  lead-covered,  varnished-cloth  in- 
sulated cable,  there  was  a  failiu^e — one  of  the  crossings  mentioned 
by  Mr.  Crawford.  The  cable  was  very  old — one  of  the  very 
early  ones — and  undoubtedly  the  breakdown  was  hastened  by  the 
excessive  temperature.  The  14,000  feet  of  cable  that  I  am  speak- 
ing of,  however,  is  not  high  tension.  It  is  single  conductor  used 
in  the  ordinary  three-wire  Edison  system. 

I  wish  to  bring  up  the  advisability  of  connecting  with  as  strong 
a  bond  as  possible,  the  neutrals  of  the  system  with  the  lead 


1916]  DISCUSSION  AT  SEATTLE  1045 

sheaths,  so  as  to  increase  the  carrying  capacity  of  the  neutral  over 
and  above  the  conductivity  of  the  copper  that  is  already  in.  In 
other  words,  to  make  the  lead  sheath  act  as  a  part  of  the  neutral 
conductor.  If  there  are  any  present  who  have  followed  out  that 
system  and  have  had  any  bad  effects  from  it,  I  would  like  to  hear 
from  them.     The  author  advises  against  this  practise. 

J.  B.  Fisken:  In  regard  to  the  question  Mr.  Merwin  asked 
as  -to  using  the  lead  sheath  as  part  of  the  neutral  conductor.  I 
believe,  where  a  street  railway  system  is  operated  from  the  same 
power  house  as  a  d-c.distribution  system  using  the  same  ground  in 
the  power  house,  it  is  impossible.  A  number  of  years  ago,  when 
we  made  the  underground  installation  of  our  d-c.  system  in 
Spokane,  we  put  in  bare  neutral  conductors,  and  we  found  that 
with  the  variations  on  the  street  railroad  load,  the  regulation  of 
our  lights  was  very  bad.  The  investigation,  of  course,  showed 
that  the  street  railway  current  was  coming  back  over  the  bare 
d-c.  neutral  and  causing  a  very  considerable  drop.  The  result 
was  that  we  had  to  take  out  all  the  bare  neutral  cables  we  had 
put  in,  and  put  in  covered  cables,  and  we  had  to  keep  our  cables 
insulated  to  just  the  same  degree  as  the  outside  wires. 

S.  C.  Lindsay:  We  connect  the  neutral  of  the  Edison  system 
to  the  negative  bus  of  the  railway  system  where  both  systems  are 
supplied  from  one  station,  but  do  not  ground  the  Edison  neutral 
at  any  other  point.  We  also  bond  all  the  lead-covered  cables 
together  in  each  manhole  and  connect  them  to  the  negative  bus 
of  the  railway  system  at  the  station,  and  have  had  no  trouble 
from  electrolysis  on  the  cable  sheaths  during  13-years  experience 
with  this  system  of  connections. 

Referring  to  another  part  of  Mr.  Powell's  paper,  he  says  that 
the  temperature  of  the  duct  lines  should  be  taken  midway  be- 
tween manholes.  I  am  interested  to  learn  of  the  method  he  used 
to  obtain  temperatures  at  those  points.  Further  along  in  his 
paper,  where  he  gives  the  rating  of  cables  and  loads  to  be  placed 
on  them  at  different  temperatures,  it  seems  to  me  that  Mr. 
Powell's  investigations  do  not  enable  us  to  load  our  cables  any 
heavier  than,  nor  quite  as  heavy  as,  some  of  the  accepted  methods 
of  loading  that  we  have  been  using.  We  have  been  loading  our 
cables  for  a  number  of  years  heavier  than  any  of  the  figures 
given  by  Mr.  Powell,  and  we  have  been  singularly  free  from  cable 
troubles. 

C.  R.  Collins:  The  author  of  this  paper  makes  the  statement 
in  connection  with  the  cables  in  duct  lines:  "The  problem  may 
conveniently  be  divided  into  two  parts:  viz.,  one  having  to  do 
with  heat  transference  from  the  air  in  the  ducts  to  the  earth  di- 
rectly in  contact  with  the  conduit,  and  the  other  with  transference 
from  the  earth  to  the  air  at  the  surface."  I  do  not  see  that  he  has 
taken  into  consideration  the  fact  that  a  duct  might  be  hotter  at 
the  center  of  the  duct  line  than  it  would  be  near  the  edge.  If  we 
had  some  means  of  keeping  the  outside  of  a  duct  line  cool,  having 
it  in  contact  with  water  for  instance,  the  cable  in  the  center  duct 
would  get  much  hotter  than  those  in  the  outside  ducts. 
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H.  W.  Buck:  We  had  considerable  experience  at  Niagara 
Falls  in  transmitting  large  amounts  of  current  over  large  single- 
conductor  cables,  at  25  cycles.  Our  experience  was  in  line  with 
the  paper,  as  to  the  serious  amoimt  of  heating  due  to  the  induced 
current  in  the  lead  sheath.  A  one-million  circular  mil  cable 
with  an  ordinary  lead  sheath  carries  800  or  900  amperes.  If  the 
lead  sheaths  are  short-circuited  as  secondaries  to  the  copper,  by 
connection  together  at  the  man-holes,  the  loss  in  the  lead  sheaths 
from  induced  currents  is  approximately  equal  to  the  copper  loss. 
The  question  naturally  arose  as  to  whether  these  lead  sheath 
currents  could  be  stopped  by  breaking  the  connection  between 
the  lead  sheaths.  It  could  easily  be  stopped,  but  when  the 
short-circuited  connections  were  removed  the  induced  voltages 
in  the  lead  sheaths  rose  in  some  cases  to  as  high  as  500  volts. 
On  this  account  we  found  that  the  damage  due  to  the  possible 
short-circuiting  of  these  lead  sheaths  with  an  arcing  contact, 
was  a  more  serious  matter  than  the  power  loss  due  to  the  current 
in  the  lead  sheaths. 

We  also  found,  as  referred  to  by  the  last  speaker,  that  the 
temperatures,  on  the  inside  ducts  of  a  group  of  ducts,  might  at 
times  rise  to  a  very  high  degree.  Heat  insulation  of  a  nest  of 
ducts  is  almost  perfect  to  the  inner  ducts.  We  were  obliged  to 
abandon  entirely  all  groupings  of  ducts  more  than  two  in  width, 
so  that  the  ducts  would  always  have  at  least  one  side  in  contact 
with  the  earth.  We  made  a  niunber  of  tests  on  the  heating  of 
conduits,  and  found  wide  variations  due  to  the  seasons,  and  due 
to  the  character  of  the  surroimding  soil.  When  a  new  duct  line 
was  built,  it  did  for  a  while  operate  at  a  low  temperatiu*e.  It 
would  then  gradually  bake  the  moistiu^e  out  of  the  surrounding 
earth,  until  the  earth  became  a  dry  powder,  and  then  the  tem- 
perature would  rise  to  a  very  much  higher  point.  These  wide 
variations  in  temperature,  due  to  fluctuating  conditions,  should 
make  engineers  extremely  cautious  in  estimating  maximum  tem- 
peratures, because  the  factors  which  enter  vary  within  such  wide 
limits. 

Transmission  of  large  alternating  ctirrents  through  single- 
conductor  lead-covered  cables  should  be  avoided  as  much  as 
possible  on  account  of  the  eddy  current  heating.  Not  only  is 
the  heating  objectionable,  but  the  current  flowing  through  the 
joints  at  manholes  seems  to  have  a  disintegrating  effect. 

J.  B.  Fisken:  Might  I  ask  whether  that  was  an  alternating 
current  ? 

H.  W.  Buck:  Yes;  alternating  current;  and  the  higher  the 
frequency,  the  higher  the  eddy  current  loss. 

S.  C.  Lindsay:  Was  any  attempt  made  to  cool  your  ducts  at 
Niagara  by  forcing  air  through  them  with  fans  ? 

H.  W.  Buck:  We  tried  various  methods,  and  the  air  cooling 
method  worked,  but  it  required  such  a  very  high  pressiu*e  of  air 
that  the  power  required  was  prohibitive.  In  some  cases,  where 
it  was  necessary  to   operate  ducts  having  a  large  number  of 
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cables  in  a  group,  such,  for  instance,  as  6  by  6,  or  12  by  12,  we 
placed  water  pipes  through  every  other  duct  and  kept  a  stream 
of  water  flowing  through  them.  That  was  the  only  method 
which  we  found  satisfactory  for  cooling  the  ducts  under  certain 
conditions. 

S.  C.  Lindsay:  The  conditions  for  the  absorption  of  heat  into 
the  soil  were  rather  poor?  The  formation  there  is  principally 
rock. 

H.  W.  Buck:  Yes;  some  broken  rock,  and  some  sand  and 
clav. 

S.  C.  Lindsay:  Here  in  Seattle  where  the  ground  is  saturated 
with  water  most  of  the  time,  we  have  a  different  condition. 
However,  we  had  one  particularly  hot  place  in  our  underground 
system  where  we  installed  a  fan  in  a  manhole  and  ran  an  8  inch 
pipe  from  the  man  hole  to  a  pole  on  the  sidewalk,  and  extended  the 
pipe  about  twenty  feet  up  the  pole,  forcing  the  hot  air  through 
this  pipe  with  a  3'-h.p.  induction  motor.  The  fan  has  been  in- 
stalled about  two  years  and  we  are  getting  results  from  it. 

H.  W.  Buck:  The  difficulties  at  Niagara  were  due  to  the 
large  currents  involved.  The  eddy-current  loss  in  the  lead 
sheath  increases  as  the  square  of  the  current  in  the  copper. 
We  found  that  the  permissible  loss  per  duct  foot  varied  from  a 
minimum  of  about  1  watt  per  duct  foot  to  5  watts  per  duct  foot, 
depending  upon  the  conditions  for  getting  rid  of  the  heat. 

L.  T.  Merwin:  May  I  ask,  if  it  were  applicable,  why  did  you 
not  merely  flood  the  ducts  with  water,  rather  than  run  a  water 
pipe  through  adjacent  conductors,  as  I  understand  you  did  ? 

H.  W.  Buck:  If  the  ducts  had  been  flooded,  the  manholes 
would  also  have  been  flooded,  and  it  was  easier  to  control  the 
water  by  isolating  it  in  pipes,  than  by  allowing  it  to  flow  freely 
through  the  ducts  themselves.  In  other  words,  it  was  not  quite 
such  a  sloppy  job. 

L.  T.  Merwin:      Would  not  the  manholes  have  stood  flooding? 

H.  W.  Buck:  No,  they  could  not  have  been  drained  in  this 
particular  case,  because  they  were  below  the  lev^el  of  the  canal. 

C.  R.  Collins:  We  tried  the  plan  mentioned  by  Mr.  Merwin, 
and  found  the  water  had  disappeared  before  it  got  to  the  next 
manhole.     A  duct  line  will  not  always  hold  water. 

H.  W.  Buck:     That  is  true. 

R.  Howes:  I  would  like  to  ask  if  any  of  you  have  had  any 
experience  with  single-conductor  cable  on  three-phase  circuits 
under  water,  so  as  to  state  whether  there  is  any  electrolysis  be- 
tween the  lead-covered  cables? 

H.  W.  Buck:     Personally,  I  cannot  answer  that  question  from 
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H.  W.  Buck:  The  temperature  rose  in  some  cases  so  high 
that  the  paper  insulation  was  entirely  carbonized. 

J.  B.  Fisken:  In  reference  to  the  remark  made  by  Mr.  Lind- 
say as  to  taking  temperatures  in  the  duct  lines.  I  don't  know 
whether  this  practise  is  followed  or  not,  but  it  seems  to  me  that 
in  installing  a  large  duct  line,  it  would  be  good  policy  to  leave  a 
space  vacant  in  the  center.  We  have  taken  temperatiu^es  in  our 
duct  lines,  not  necessarily  in  the  center  of  the  duct  line,  but  in 
other  parts,  by  simply  pulling  in  a  registering  thermometer,  and 
leaving  it  there,  for  a  certain  time,  and  then  pulling  it  out  and 
reading  it.  I  believe  the  heat  in  the  center  duct  will  be  as  great 
as  in  any  in  that  duct  line,  especially  if  the  ends  were  closed  to 
permit  the  acciunulation  of  heat  in  the  duct.  And  then,  by 
putting  in  the  thermometer,  we  could  make  a  thermal  survey  of 
that  duct  line,  and  tell  very  closely  what  the  temperatiu^es  were. 

H.  W.  Buck:  I  think  that  could  be  done  very  effectually, 
but  it  should  be  remembered  that  the  temperatiu^e  of  the  duct 
is  not  a  correct  indication  of  the  temperatiu-e  of  the  copper  in- 
side of  the  cables.  The  temperatiu^e  gradient  must  be  steep  in 
order  to  force  the  heat  out;  consequently  duct  temperatures  are 
very  much  lower  than  temperatiu-es  to  which  the  cable  insulation 
is  subjected. 

M.  E.  Cheney:  In  this  capacity,  I  would  suggest  exploring 
coils  in  the  center  of  the  conduit  lines,  midway  between  the  two 
manholes.  You  can  determine  the  temperatiu^e  in  the  cable  by 
the  difference  in  the  resistance.  That  system  is  used  a  great 
deal  in  taking  temperatiu^es. 

H.  W.  Buck:  That  method  was  adopted  by  Mr.  Fisher  in 
the  tests  referred  to  in  this  paper.  All  the  temperattires  were 
obtained  by  moving  exploring  coils  along  through  the  various 
ducts. 

W.  A.  Del  Mar:  There  are  two  conditions  which  Mr.  Powell 
has  not  considered  in  his  paper,  which  have  an  important  bearing 
upon  the  carrying  capacity  of  cables  in  ducts,  namely:  the  in- 
fluence of  neighboring  ca  blesin  reducing  the  continuous  and  short- 
time  rating  and  the  influence  of  the  thermal  capacity  of  the  ducts 
in  increasing  the  short -time  rating.  These  are  matters  of  the 
utmost  importance  but  unfortunately  experimental  data  are 
lacking.  In  the  absence  of  such  data  the  following  suggestions 
are  offered  for  discussion. 

The  influence  of  the  niunber  of  similarly  loaded  cables  in  a 
conduit  line  may  be  estimated  as  follows,  assiuning  the  nimiber  of 
ducts  to  always  equal  the  ntunber  of  cables.  Assuming  a  given 
temperatiu-e  rise  in  the  cable,  let 

n        =  Number  of  outside  duct  faces  in  the  cross-section 

of  conduit  line. 
N       =   Number  of  cables  in  the  conduit  line. 
d         =    Heat  dissipation  per  duct  face  per  foot. 
D        =    Heat  dissipated  per  cable,  per  foot. 
/n       =   Current  per  cable  with  N  cables  similarly  loaded* 
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Then, 
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Current  with  one  cable  in  a  one-duct  conduit  line. 
Resistance  of  cable,  per  foot,  at  ultimate  temper- 


DN  =  dn 


D  = 


dn 


(1) 


By  Joule's  law, 
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(2) 


when  the  cable  has  reached  its  ultimate  temperature. 
Combining  equation  (1)  and  (2), 


r  N 


And, 
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h   ^  a/  n 
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Thus  in  the  case  of  twelve  similarly  loaded  cables  in  twelve  ducts 
arranged  3x4,  N  =  12,  and  w  =  14  and  therefore  by  equation 
five, 

A.=\/B  =  054  * 

/i         ^48      ^-^ 


Hence,  due  to  the  neighboring  cables,  each  cable  will  carry  con- 
tinuously only  54  per  cent  of  what  it  would  carry  if  alone. 

Table  I  shows  the  estimated  influence  of  the  heat  storage 
capacity  of  tile  ducts  upon  the  short-time  rating  of  a  two-circular 
inch  cable.  The  temperature  rise  of  the  duct  is  purposely  under- 
estimated. 

TABLE  I. 


Copper.  . . 
Insulation 

Lead 

Duct 


Weight 
Ib-ft. 


Watt-hours 
Specific      I    per    deg.     ,  Temp,  rise 
heat         I        cent.         j   deg.  cent. 


6.18 

0  094 

0.31    1 

74 

23 

0.97 

0.360 

0.18 

72 

13 

4  54 

0.031 

0.074 

69 

5 

11.00 

0.200 

1.16 

25 

29 

Total  watt 
hr.  absorbed 
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\'\\-^  t'lU^I  t*  Mlv  Itiv  tliu-l.  ill  this  case,  is  to  add  at,  least  70 
(^■i  i^ml  ti>  lln'  s>IUn'livt!  (iirriiiitl  capacity  of  the  2-cir.  in.  cable. 
m\\\  Hit*  iiU'iKulKUi  wiHilil  l>r  Kn-Jilcr  with  smaUer  cables.  In  the 
^^..l.  111  M  "J  m  »y  rwliU',  I  he  twn-litmr  rating  would  be  increased 
<tl  ti-^-l  'At  |n>i'  **Ul  ihw  In  llif  lliermal  capacity  of  the  duct. 

A  \Mi''  I'l  I'liiiU'lli'ii  fai'lors  for  rectangular  duct  groups  is 
tiu"  111  liJ'li'  II.  'i'hfSL-  factors,  being  based  upon  the  assump- 
tion ilxit  xll  Ihi'  lii'iti  »;frii'nit^<)  in  the  cables  is  dissipated  into 
tin--  irtiih  lliunifih  llic  iluct  walls,  are  incorrect  for  short-time 
i.tUiitii-  ll  llif  iiliscjfiition  of  heat  by  cables  and  ducts  be  taken 
mil-  in  I  uiiiit,  ihf  reduction  factors  will  approach  unity,  the 
hhuiUi  Uii-  rating  period.  Thus,  the  one-minute  rating  of  a 
1  iil'li!  ivuiilil  m-iircely  be  affected  by  the  number  of  adjacent  simi- 
liiilv  I'linli-il  caltlcs,  as  ]>ractically  all  the  heat  generated  would  be 
ulihiulii-il  hv  I'lc  c.ible  and  duct.  The  two-hour  rating,  on  the 
(iMn-r  hfinil,  dipiiids  more  upon  the  heat  dissipation  than  upon 
llii-  III  .i\  iiljM4|itii'Ti  and  the  reduction  factors  may  be  used  with 

111-  I    ...1  ill  Table  II  are  derived  by  calculating  the 

IWD-li  '    r  niie  cable  in  a  duct,  taking  into  account  the 

[Iii.-ni..,i  .  ,l;.,li  :■  "1  I  he  cable  and  duct,  and  then  multipK-ing  by 
the  duil  rcilucLion  factors.  The  error,  due  to  the  assumption 
that  Llicsc  factors  are  correct  for  the  two-hour  rating,  will  not  be 
very  ^reat  and  will  be  on  the  safe  side.  The  ratings  thus  obtained 
are  cuTisidcrably  in  excess  of  those  usually  published,  in  spite  of 
iIji:  low  rciUiction  factor  and  low  temperature  rise  (25  deg.  cent  ) 
assumed  f<)r  the  ducts.  Experimental  data  to  carefully  confirm 
this  tabic,  arc  lacking,  but  several  observations  upon  cables  in 
lari,'(;  groups,  indicate  that  the  ratings  given  for  sixteen  ducts  or 
more,  iire  conservative. 
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INDUCTIVE  INTERFERENCE  AS  A  PRACTICAL  PROBLEM 


BY    A.    H.    GRISWOLD    AND    R.    W.    MASTICK 


Abstract  of  Paper 

In  this  paper  are  given  a  review  of  the  factors  which  affect 
inductive  interference  in  telephone  circuits  from  high- voltage 
power  transmission  circuits,  a  presentation  of  the  practical 
considerations  regarding  the  reduction  of  the  interference,  and  a 
description  of  actual  cases  of  the  application  of  these  means  of 
reduction. 

Distinction  is  made  between  the  effect  of  balanced  and  of 
residual  voltages  and  currents  on  the  power  circuit  and  between 
the  effect  of  voltages  induced  between  the  wires  and  those  induced 
between  wires  and  ground. 

The  wave  shapes  of  the  voltages  and  currents  in  the  power 
circuits  have  a  very  important  effect  in  the  amount  of  inductive 
interference  in  telephone  circuits.  The  precision  of  the  electri- 
cal balance  of  the  power  circuit  is  also  important  because  of 
the  relatively  very  large  effects  of  unbalanced  voltages  and 
currents  in  producing  inductive  interference. 

A  discussion  is  given  of  the  principles  to  be  used  in  the  design 
of  coordinated  transposition  schemes  for  power  circuits  and 
telephone  circuits  which  parallel  each  other,  and  schemes  are 
described  which  have  been  devised  for  application  to  the  tele- 
phone circuits  in  order  to  simplify  the  design  of  transpositions 
in  the  power  circuits  which  make  it  possible  to  balance  the 
induced  voltages. 

A  detailed  discussion  is  given  of  three  particular  cases  of 
parallels  showing  the  application  to  them  of  the  different 
methods  by  which  inductive  interference  can  be  reduced.  In  the 
appendix  is  an  outline  of  information  regarding  parallels  in- 
tended to  facilitate  the  determination  of  the  remedial  measures 
desirable  in  any  given  case  for  reducing  inductive  interference. 


THE  discussions  of  the  subject  of  Inductive  Interference 
hitherto  presented  before  the  Institute  and  in  the  technical 
press,  have  dealt  chiefly  with  the  technical  aspects  of  the  prob- 
lem. Very  little  has  been  said  to  show  how  the  conclusions 
theoretically  and  experimentally  established  can  be  practically 
and  successfully  employed  for  the  solution  of  problems  in  the 
field.  It  is  the  purpose  of  this  paper  to  review  some  of  the  im- 
portant aspects  of  inductive  interference  and  to  indicate  by  means 
of  concrete  examples,  the  solution  of  some  of  the  practical  prob- 
lems met  in  the  field.    It  will  be  our  endeavor  to  show  the  sim- 
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plicity  of  remedial  measures  in  general  in  an  effort  to  correct 
the  idea  prevalent  among  those  who  have  not  had  time  to  care- 
fully study  the  problem,  that  the  measures  developed  to  date 
are  impracticable  and  burdensome. 

Before  proceeding  to  the  discussion  of  remedial  measures  and 
their  application,  we  believe  it  well  to  again  review  briefly,  the 
factors  involved,  through  which  inductive  interference  arises. 
An  understanding  of  these  factors,  and  their  relative  importance, 
is  necessary  in  order  to  appreciate  the  significance  of  the  remedial 
measures. 

In  what  follows,  three-phase  three-wire  power  circuits  and 
metallic  telephone  circuits,  physical  or  phantom,  are  assumed. 
We  are  concerned  with  voltages  induced  in  the  telephone  circuit 
through  two  phenomena — electric  and  magnetic  induction.  Both 
effects  are  always  present,  and  they  combine  to  produce  the  re- 
sultant disturbance  noted. 

The  voltage  induced  in  the  telephone  circuit  electrically  and 
magnetically  can  be  classified  as: 

1.  Between  the  two  sides  of  the  circuit  (referred  to  through- 
out this  paper  as  the  transverse  effect). 

2.  Between  the  two  sides  of  the  circuit  and  ground,  or  along 
the  circuit  (referred  to  throughout  this  paper  as  the  longitu- 
dinal effect). 

The  transverse  induced  voltages  regulating  through  line  im- 
pedances cause  currents  in  the  terminal  apparatus.  The  long- 
itudinal induced  voltages,  in  addition  to  raising  the  telephone 
circuit  to  a  potential  with  respect  to  earth  which  may  be  danger- 
ous, cause  currents  in  the  telephone  circuit  owing  to  the  differ- 
ences in  series  impedances  and  admittances  to  ground  of  the 
two  sides  of  the  circuit. 

A  perfectly  balanced  power  or  telephone  circuit  may  be  de- 
fined as  one  in  which  the  series  impedances  of  the  several  phases 
and  the  admittances  between  the  several  phases  and  ground  are 
exactly  the  same  at  every  point. 

If  it  were  possible  to  construct  a  perfectly  balanced  telephone 
circuit,  there  could  be  theoretically  no  transverse  induced  vol- 
tage, regardless  of  the  magnitude  of  longitudinal  induced  voltage 
provided  that  a  sufficiently  large  number  of  exactly  spaced  trans- 
positions were  placed  in  it  so  as  to  equalize  the  induced  voltages 
in  each  side. 

Conversely,  if  it  were  possible  to  construct  a  perfectly  balanced 
power  circuit,  there  could  be  theoretically  no  voltages  induced 
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on  a  parallel  telephone  circuit,  provided  that  a  sufficiently  large 
number  of  exactly  spaced  transpositions  were  placed  in  it  so  as 
to  expose  each  phase  of  the  power  line  equally  to  the  telephone 
line. 

In  practise,  the  balance  of  neither  power  nor  telephone  circuits 
can  be  made  perfect  as  defined  above,  and  it  is,  therefore,  neces- 
sary, in  order  to  avoid  induction  into  paralleled  telephone  cir- 
cuits, to  balance  both  power  and  telephone  circuits  as  well  as 
practicable,  and  also  transpose  both  circuits  with  due  regard  to 
one  another. 

It  is  convenient  to  consider  the  voltages  and  currents  in  the 
power  circuits,  which  cause  induction,  as  consisting  of  two  com- 
ponents: 

1.  Balanced  voltages  and  currents. 

2.  Residual  voltages  and  currents. 

The  balanced  components  are  three  voltages  or  currents  equal 
in  magnitude,  displaced  120  degrees  in  time-phase  with  respect 
to  one  another,  and  whose  vector  sum  is,  therefore,  zero. 

Single-phase  loads  connected  between  wires  cause  voltage  and 
current  components  whose  effects  are  very  similar  to  those  of 
balanced  three-phase  voltages  and  currents,  and  are  treated  in 
a  like  manner. 

The  residual  components  are  three  voltages  or  currents  equal 
in  magnitude,  in  common  time-phase,  and  whose  vector  sum  is, 
therefore,  not  zero.* 

The  balanced  voltages  and  currents  are  those  which  perform 
the  useful  functions  of  the  power  system.  On  the  other  hand,  it 
is  significant  and  fortunate  that  the  residual  voltages  and  cur- 
rents are  not  essential  to  the  operation  of  the  power  system. 

Balanced  voltages  and  currents  are  common  to  cither  of  the 
two  general  types  of  power  systems  (grounded  or  isolated),  and 
the  remedial  measures  for  the  mitigation  of  inductive  effects 
arising  therefrom  are  identical.  This  is  not  true  of  the  residual 
voltages  and  currents.  These  arise  from  different  sources  in  the 
two  types  of  power  systems,  and  generally  exhibit  character- 
istics peculiar  to  the  particular  type  of  system. 

The  remedial  measures  for  their  mitigation  are  also  dis- 
tinctly different. 

Thus,  it  will  be  seen  that  there  are  two  different  phases  of  the 
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1.  The  mitigation  of  induction  arising  from  the  balanced  vol- 
tages and  currents,  requiring  remedial  measures  which  are  the 
same  whether  the  power  system  be  isolated  or  grounded. 

2.  The  mitigation  of  residual  voltages  and  currents  requiring 
remedial  measures  peculiar  to  the  particular  type  of  power  system 
involved. 

Residual  voltages  and  currents  may  arise  in  different  types  of 
power  systems  from  one  or  more  sources  which  act  singly  or 
together. 

On  grounded  systems,  the  principal  sources  of  residual  vol- 
tages and  currents  are : 

1.  Unbalanced  loads  between  the  three-phases  and  neutral, 
causing  unbalanced-load  currents  to  flow  through  the  neutral 
to  earth. 

2.  The  third  harmonic  and  its  odd  multiples,  due  to  a  variation 
of  permeability  of  the  iron,  occur  in  common  time-phase  in  the 
three  phases  of  the  transformer  banks,  thus  giving  rise  to  a  resid- 
ual component  of  voltage  and  current  in  the  connected  trans- 
mission lines. 

On  systems  isolated  from  ground,  the  principal  source  of  re- 
sidual voltages  and  currents  is: 

Unbalanced  capacitance  and  conductance  between  the  several 
phases  and  ground.  The  conductance  factor  is  generally  of  minor 
importance  on  well  constructed  and  maintained  systems. 

The  tendency  in  the  best  power  system  design  and  operation 
is  inherently  toward  practises  which  reduce  the  possibility  of 
large  residuals.  Moreover,  the  majority  of  the  future  parallels 
with  communication  circuits  will  undoubtedly  be  short,  owing 
to  the  increasing  tendency  of  both  power  and  telephone  companies 
to  seek  private  rights-of-way.  Were  this  not  so,  the  problem 
of  mitigation  of  residuals  would  be  as  difficult  to  combat  in 
the  future  as  it  is  at  present.  With  the  increased  attention  being 
devoted  to  this  matter  we  expect  that  the  longitudinal  effects 
of  residual  voltages  and  currents  will,  in  the  shorter  parallels, 
be  reduced  to  magnitudes  small  enough  to  be  relatively  unimpor- 
tant. 

It  must  be  realized  that  the  inductive  effect  per  volt  or  ampere 
of  residual  voltage  or  current  is  proportionately  far  greater 
than  for  equal  amounts  of  balanced  voltage  or  current.  It  should 
be  clearly  understood  that  the  mitigation  of  residuals  where 
parallels  of  considerable  length  are  involved  is  of  great  importance. 
The  longitudinal  effect  then  becomes  of  importance  by  main- 
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taining  the  telephone  circuit  as  a  whole  above  ground  potential 
and  producing  a  transverse  effect  by  virtue  of  the  unbalances 
inherent  to  commercial  circuits. 

The  wave  forms  have  much  to  do  with  the  severity  of  induc- 
tion. Higher  harmonics  are  present  in  both  voltages  and  cur- 
rents and  their  power  of  producing  disturbances  increases  with 
very  great  rapidity  up  to  about  800  cycles.  Practically  all 
noise  in  telephone  circuits  caused  by  induction  from  power 
circuits  arises  from  the  higher  harmonic  voltages  and  currents. 
Were  these  entirely  absent,  the  problem  of  inductive  inter- 
ference would  be  indeed  simple  of  solution,  for  then  we  should 
have  to  deal  with  only  the  fundamental  frequency  which  is 
scarcely  audible  to  the  human  ear. 

The  frequency  and  magnitude  of  these  attendant  harmonics 
should  determine  the  extent  of  remedial  measures  to  be  applied 
owing  to  the  variation  in  effectiveness  of  given  remedial  measures 
and  severity  of  induction  with  the  frequency. 

Another  important  phase  of  the  problem  is  the  question  of 
abnormal  conditions,  accidental  or  otherwise,  on  the  power 
system.  An  abnormal  condition  in  any  type  of  power  system, 
whether  it  be  due  to  an  accidental  ground,  short  circuit,  open- 
circuit  or  switching  operation,  produces  a  great  increase  in  the 
residual  voltage  or  current,  or  both,  of  the  system  momentarily, 
or  for  a  considerable  period  of  time,  as  the  case  may  be. 

On  a  star-connected  grounded-neutral  system,  an  abnormal 
condition  generally  produces  a  large  residual  current  which 
is  approximately  equal  to  the  short-circuit  current  to  ground 
(if  the  condition  be  one  of  a  grounded  phase)  on  that  portion  of 
the  circuit  between  the  sources  of  power  supplying  the  fault  and 
the  point  where  the  fault  occurs,  or  if  the  fault  be  an  open  one  in 
phase,  the  residual  current  will  equal  the  unbalanced-load  cur- 
rents flowing  in  the  other  two  phases.  A  residual  voltage  is 
created  in  proximity  to  the  fault  and  in  certain  instances  through- 
out the  length  of  the  circuit  from  the  fault  to  the  receiving 
transformers,  which  voltage  approaches  as  a  maximum  58  per 
cent  of  the  voltage  between  phases. 

On  an  isolated  system,  a  ground  on  one  phase  causes  a  large 
residual  voltage  throughout  the  entire  length  of  the  circuit 
whose  magnitude  is  173  per  cent  of  the  voltage  between  phases. 
A  residual  current  is  created  in  proximity  to  the  fault,  its  magni- 
tude depending  upon  the  extent,  voltage  and  frequency  of  the 
system. 
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Fortunately,  abnormal  conditions  are  becoming  less  frequent, 
owing  to  the  demand  for  greater  continuity  of  service,  leading 
to  better  construction  of  power  lines  and  to  the  use  of  better 
apparatus.  There  have  been  no  remedial  measures  developed 
which  can  adequately  care  for  the  inductive  disturbances  atten- 
dant to  abnormal  conditions  of  power  lines,  nor  are  such  expected. 

It  is,  therefore,  a  question  of  reducing  to  a  minimum  the  acci- 
dents on  the  power  lines  by  proper  construction  and  maintenance 
and  of  using  methods  and  apparatus  in  switching  which  shall 
incur  the  least  possible  disturbances. 

The  difficulties  encountered  in  attempting  to  mitigate  the 
disturbances  under  abnormal  power  circuit  conditions  consti- 
tute an  additional  reason  why  it  is  very  desirable  to  avoid 
parallelism  wherever  possible. 

As  an  instance  in  which  the  use  of  improved  methods  and 
apparatus  have  resulted  in  a  material  reduction  of  transient 
disturbances,  the  charging  of  electrolytic  lightning  arresters 
can  be  cited.  Since  the  adoption  of  the  four-tank  electrolytic 
lightning  arrester,  the  use  of  charging  resistances  and  metallic 
contact  during  charging,  the  formerly  serious  transient  distur- 
bances experienced  on  parallel  telephone  lines  at  times  of  charg- 
ing, have  been  largely  reduced. 

The  configuration  and  spacing  of  the  power-circuit  conductors 
has  an  important  bearing  on: 

1.  The  liability  to  short-circuits  on  the  line. 

2.  The  residual  voltage  (of  an  isolated  system). 

3.  The  resultant  induction  from  balanced  components. 
Since  the  last  two  items  can  be  cared  for  by  transposition, 

the  first  is  of  chief  importance. 

Vertical  configuration  of  a  power  circuit  renders  it  liable  to 
short-circuits  where  snow  and  sleet  are  encountered. 

The  equilateral  triangle  is  far  superior  to  either  vertical  or 
flat  construction  with  respect  to  residual  voltage  caused  by 
capacitance  unbalance.  The  wishbone  configuration  is  inter- 
mediate. For  induction  from  balanced  components,  the  differ- 
ences are  less  marked,  the  flat  configuration  causing  the  most 
induction. 

The  configuration  of  telephone  circuits  is  standardized  to  a 
far  greater  degree,  and  since  transposition  is  comparatively 
inexpensive  and  efiPective,  the  configuration  of  telephone  cir- 
cuits is  relatively  unimportant  with  regard  to  the  mitigation 
of  induction. 
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For  the  mitigation  of  inductive  effects  produced  by  the  bal- 
anced voltages  and  currents,  transpositions  offer  the  most 
feasible,  simple  and  effective  means  developed  to  date.  A  trans- 
position in  a  circuit  interchanges  the  positions  occupied  by  its 
conductors.  In  a  three-phase  power  circuit,  a  transposition 
changes  the  phase  of  the  induction  produced  by  the  balanced 
voltages  and  currents  by  120  degrees.  Thus,  by  locating  power- 
circuit  transpositions  so  that  each  conductor  occupies  all  of 
the  several  conductor  positions  for  equal  distances,  a  ^'barrel" 
is  obtained  within  which  the  vector  sum  of  the  induced  voltages 
on  an  untransposed  parallel  circuit  is  zero.  The  effect  of  trans- 
posing a  power  circuit  may,  therefore,  be  said  to  be  one  of 
neutralization. 

A  transposition  in  a  telephone  circuit  changes  the  phase  of 
the  induced  transverse  voltage  by  180  degrees,  that  is,  it  reverses 
in  successive  lengths  the  phase  of  the  induction  between  the  two 
sides  of  the  circuit.  Transposition  of  a  telephone  circuit,  there- 
fore, exposes  each  side  of  the  circuit  equally  to  the  influence  of 
the  power  circuit,  and  the  effect  may  be  said  to  be  one  of  equali- 
zation. It  should  be  noted  that  the  phase  of  the  longitudinally 
induced  voltage  is  in  no  wise  changed  by  transpositions  in  the 
telephone  circuit. 

This  change  of  phase  of  the  induction  into  a  telephone  circuit 
by  transposition  in  either  the  power  or  telephone  circuit,  or 
both,  affords  a  means  of  reducing  inductive  effects  in  that  the 
induction  in  one  section  may  be  largely  neutralized  by  the  in- 
duction in  neighboring  sections. 

A  proper  adjustment  of  neutralization  and  equalization  effects 
by  transpositions  in  both  power  and  telephone  circuits  con- 
stitutes a  *'co-ordinatcd  transposition  scheme"  as  referred  to 
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Longitudinal  induction  balance  for  balanced  voltages  and 
currents  is  obtained  when  the  condition 

2  (a  +  a')  =  2  (ft  +  b')  =  2  (c  +  c') 

is  fulfilled. 

Transverse  induction  balance  for  balanced  voltages  and  cur- 
rents is  obtained  when  the  condition 


is  fulfilled. 


2  (a  -  a')  =  2  (i  -  b')  =   2  (c  -  c') 
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The  system  of  "barreling"  shown  in  Fig.  1  is  called  "continuous 
barrelling."  In  practise  where  long  uniform  parallels  occur, 
it  is  possible  and  many  times  desirable  to  modify  the  co-ordinated 
system  shown  in  Fig.  1  by  omitting  every  third  power  transposi- 
tion as  depicted  in  Fig.  2,  thus  obtaining  a  system  of  "non- 
continuous  barrelling." 

The  same  conditions  for  balance  hold  for  this  system  as  given 
for  continuous  barrelling  shown  in  Fig.  1.    The  only  advantage 
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of  continuous  barrelling  over  non-continuous  is  that  balance  is 
obtained  in  any  three  consecutive  sections  regardless  of  the  point 
of  starting. 

Power  circuit  transpositions  with  reversed  rotation  are  some- 
times used  when  it  is  necessary  to  obtain  an  exposure  of  a  partic- 
ular phase  in  a  particular  section  to  balance  with  another 
type  exposure  in  some  other  section  of  the  parallel.  A  simple 
illustration  is  shown  in  Fig.  3. 
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It  is  interesting  to  note  that  the  use  of  reversed  power  trans- 
positions in  the  manner  shown  also  results  in  not  altering  the 
relation  of  power  wires  at  ends  of  the  parallel.  Reversing  the 
rotation  of  a  power  circuit  transposition  changes  the  phase  of 
the  induction  in  the  section  of  parallel  immediately  beyond  the 
transposition  by  240  degrees.  Since  a  telepho»*e  transposition 
changes  the  phase  of  the  induced  voltage  by  l80  degrees,  it  is 
obviously  immaterial  whether  the  rotation  of  telephone  trans- 
positions be  normal  or  reversed.  Norinal  rotation  is  considered 
as  that  of  the  existing  transpositions  in  a  given  power  line. 

Transpositions  of  the  power  circuit  in  no  way  changes  the 
phase  or  magnitude  of  induction  produced  in  telephone  circuits 
by  residual  voltages  and  currents,  except  in  so  far  as  it  changes 
the  residual  voltages  and  currents  themselves,  which  happens 
in  some  cases. 
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Longitudinal  induction  from  the  residual  voltages  and  cur- 
rents cannot  be  reduced  by  either  power  or  telephone  trans- 
positions. It  follows,  therefore,  that  the  reduction  or  elimination 
of  longitudinal  induction  from  residual  voltages  and  currents 
must  come  about  through  a  reduction  or  elimination  of  the 
residuals  themselves  in  the  i)ower  system. 

Transposition  of  the  telephone  circuit  is  an  effective  means 
for  reducing  the  transverse  induced  voltage  produced  by  resid- 
ual voltages  and  currents. 

Transverse  balance  for  induction  from  residual  voltages  and 
currents  is  obtained  when  the  condition  (see  Figs.  1,  2,  or  3). 


:£  {a  +  h  +  c)  =  i:(a'  +  h'  +  C) 

is  fulfilled. 

When  the  conditions  for  balance  cited  above  are  not  fulfilled 
the  unbalanced  exposures  are  as  follows: 
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TABLE 

L 

Type  of 
Induction 

Component  of 

power  circuit 

voltage  or 

current 

Length  of  unbalanced  exposure 

Transverse 

Balanced 

ZCa-oO/O**  +2(6  -  6')  /120°  +  Z(c  -  c') 
/240® 

m 

Longitudinal 

Residual 
Balanced 

Z(a  +  6  +  0  -  2(o'  +  6'  +  c') 
Z{a  +a')  /O®  +2(6  +6')   /120'*  + 

2(c  +  t')  7240** 

m 

Residual* 

2(a  +6  +<:  +a'  +6'+c') 

^Independent  of  all  transpositions. 

The  "unbalanced  exposure 'Ms  the  length  of  exposure  between 
untransposed  telephone  and  power  circuits  which  will  produce 
inductive  effects  of  the  same  magnitude  as  those  produced  in  the 
actual  exposure  of  the  qame  configuration  with  the  given  trans- 
positions in  telephone  and  power  circuits. 

The  unbalanced  exposures  of  different  circuits  in  any  given 
parallel  are  of  value  to  indicate  the  relative  severity  of  the 
induction  in  the  different  circuits,  and  those  corresponding  to 
different  transposition  systems  for  a  given  parallel  are  indicative 
of  the  relative  effectiveness  of  such  transposition  systems. 

Summing  up  from  the  discussion  above;  the  various  factors 
involved  and  the  conditions  for  induction  balance  between  power 
and  telephone  circuits  may  be  simply  tabulated  as  follows: 

TABLE   II. 


Component  of 

Balance  depends 

Type  of 

power  circuit 

Condition  for 

on  transi>ositions 

induction 

voltage  or 
current 

balance 

in 

Transverse 

Balanced 

2(a  -a')   -  2(6  -  6')   - 
2(c  -  c') 

Both  lines 

m 

Residual 

2(a  +  6  +  c)  -  2(0'  +  6'  +  c') 

Telephone  line 

Longitudinal 

Balanced 

2(a  +  a')  -  2(6  +  6')  - 
2(c  +  c') 

Power  line 

m 

Residual 

■    ■ 

^■^~ 

The  application  of  telephone  transpositions  in  a  manner  to 
obtain  the  conditions  for  balance  indicated  in  Table  II  is  subject 
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in  practise  to  the  condition  that  on  telephone  leads  carrying 
more  than  one  circuit,  it  is  necessary  to  provide  against  induction 
from  one  telephone  circuit  into  another,  commonly  referred  to 
as  "crosstalk".  This  necessitates  a  complicated  telephone  trans- 
position system  to  provide  balance  for  induction  from  outside 
sources  such  as  power  lines  and  also  among  all  the  circuits  on  the 
telephone  lead. 

Even  though  it  were  possible  in  practise  to  fulfill  exactly  the 
conditions  for  balance  as  indicated  in  Table  II,  there  would  still 
be  present  some  inductive  effect  because  of  the  changes  m  phase 
and  magnitude  of  the  voltages  and  currents  along  the  power  line. 
This  point  has  an  important  bearing  on  the  length  of  the  power- 
circuit  barrel,  for  it  is  necessary  in  order  that  this  effect  be  ren- 
dered sufficiently  small,  that  the  conditions  for  balance  outlined 
in  Table  II  be  fulfilled  within  as  short  a  length  of  exposure  as  is 
practicable.  In  practise,  it  has  been  found,  in  some  cases,  that 
barrels  in  the  power  circuit  six  miles  in  length  are  satisfactory. 
Except  under  very  severe  exposure  conditions  we  believe  that 
barrels  in  the  power  circuit  three  miles  in  length  will  afford  a 
satisfactory  solution  when  uniform  sections  of  parallel  are  long 
enough  to  permit  their  use. 

Points  of  discontinuity  within  a  parallel,  such  as  changes  in 
configuration  of  either  power  or  telephone  circuit,  large  changes 
in  the  separation  of  the  two  lines,  crossovers,  branch  loads,  load- 
ing points  in  the  telephone  line,  or  in  fact  any  points  at  which  an 
abrupt  change  in  magnitude  or  phase  of  the  power  line  voltages  or 
currents  or  induced  voltages  occurs,  should  in  general  be  made 
neutral  points.  In  other  words,  balance  to  induction  should  be 
obtained  between  such  points  of  discontinuity  independently  of 
the  remainder  of  the  parallel.  Thus  the  number  of  and  distance 
between  points  of  discontinuity  is  a  controlling  factor  in  deter- 
mining the  length  of  power-circuit  barrel.  It  should  be  noted  in 
this  connection  that  a  loading  coil  in  the  telephone  circuit  is  a 
discontinuity  with  resi)ect  to  the  transverse  induced  voltage, 
but  not  with  respect  to  the  longitudinal  induced  voltage,  since 
the  loading  coils  are  non-inductively  connected  in  the  circuit 
formed  by  the  telephone  wires  and  ground. 

Crossovers  of  power  and  telephone  lines  within  the  parallel 
are  in  general  considered  as  points  of  discontinuity.  In  some 
cases,  however,  where  the  same  separation  obtains  between  the 
power  and  telephone  lines  before  and  after  crossover,  it  is  pos- 
sible by  interchange  of  the  pin  positions  of  the  power  wires  to 
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make  the  crossover  equivalent  to  a  transposition  in  the  telephone 
circuit,  or  in  both  the  power  and  telephone  circuits.  If  the  cross- 
over is  treated  in  such  a  manner,  it  need  not  be  considered  as  a 
point  of  discontinuity. 

In  Fig.  4  are  shown  several  types  of  crossover  transpositions 
represented  by  the  terms  ''0*^  crossover*',  ''\2{f  crossover"  and 
**240*^  crossover**  which  number  of  degrees  has  reference  to  the 
change  in  phase  of  the  longitudinal  induced  voltage  between  the 
two  sections  immediately  adjacent  to  the  crossover. 

It  has  been  previously  pointed  out  that  transposition  of  the 
telephone  circuit  is  an  effective  remedy  for  reducing  the  trans- 
verse induction  from  residual  voltages  and  currents;  that  long- 
itudinal induction  from  the  same  source  cannot  be  cared  for  by 
either  power  or  telephone  transpositions,  hence  must  be  reduced 
by  a  reduction  of  the  residual  voltages  and  currents  within  the 
power  system. 
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In  the  type  of  power  system  isolated  from  ground,  the  problem 
of  reducing  residual  voltages  and  currents  is  a  comparatively'' 
simple  one.  Earlier  herein  it  was  stated  that  the  principal 
source  of  residual  voltage  and  current  in  systems  isolated  from 
ground  is  the  unbalanced  capacitance  between  the  several  wires 
of  the  circuit  and  ground.  Hence  the  remedial  measure  ob- 
viously necessary  is  a  balancing  of  these  capacitances  to  ground. 
This  is  most  readily  accomplished  by  transposing  the  power  line 
throughout  its  extent  (including  all  the  lines  metallically  con- 
nected to  the  one  in  the  parallel)  so  that  each  conductor  occupies 
the  several  pin-positions  for  equal  distances. 

To  a  company  operating  an  isolated  system  of  large  extent, 
this  remedy  appears  to  be  a  severe  and  costly  measure,  unless 
very  few  and  widely  separated  transpositions  will  accomplish 
the  desired  result.  In  general,  practise  indicates  that  transposi- 
tions for  this  purpose  can  be  relatively  few  and  widely  separated. 
Here  again  in  determining  the  length  of  barrel  required,  the  wave- 
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shape  of  the  residual  voltage  is  a  dominant  factor,  since  with  the 
higher  frequencies  shorter  barrels  are  necessary. 

It  does  not  seem  probable  that  barrels  of  less  than  6  miles  in 
length  will  generally  be  required  and  in  some  cases  longer  barrels 
will  be  sufficient.  Branch  lines,  switching  points  and  changes  of 
configuration  must  be  taken  into  account  and  frequently  fix  the 
length  of  barrel. 

In  the  construction  of  new  lines,  it  is  a  very  simple  and  inex- 
pensive matter  to  cut  in  transpositions  at  reasonable  distances 
to  accomplish  the  reduction  of  residual  voltage  without  detri- 
ment to  the  operation  of  the  system.  Then  if  parallelism  occurs 
in  the  future,  the  only  transpositions  required  would  be  in  and 
near  the  parallel. 

With  existing  parallels,  it  may  or  may  not  be  necessary  to 
transpose  the  power  line  outside  the  parallel,  depending  upon 
the  severity  of  the  exposure.  In  any  event,  all  of  the  measures 
should  be  applied  within  the  parallel  and  found  insufficient  before 
giving  consideration  to  this  point. 

In  the  type  of  power  system  operated  with  a  star  connection 
of  transformers  and  grounded  neutral,  the  reduction  of  residual 
voltages  and  currents  is  not  so  readily  accomplished  as  in  the 
case  of  systems  isolated  from  ground.  Two  principal  sources  of 
residual  voltages  and  currents  for  this  type  of  system  have  been 
previously  mentioned  herein;  namely,  unbalanced  loads  be- 
tween the  three-phases  and  neutral,  and  the  introduction  of  the 
third  harmonic  and  its  odd  multiples  as  residuals. 

The  obvious  measure  against  the  former  is  the  removal  of  all 
grounded  neutrals  but  one,  thus  removing  the  ground  path  for 
the  unbalanced  currents.  In  some  cases  this  may  not  always  be 
considered  safe  or  feasible,  particularly  if  the  network  be  of  large 
extent.  There  seems  to  be,  however,  a  growing  tendency  on  the 
part  of  power  companies  operating  systems  of  large  extent  to- 
ward the  elimination  of  the  ground  connection  at  all  but  im- 
portant generating  and  switching  points.  Since  the  use  of  ground- 
ed single-phase  loads  has  almost  disaf)pcared  from  practise  with 
the  larger  power  companies,  it  is  now  generally  true  that  power 
circuits  operated  by  such  companies  can  be  very  well  balanced 
as  to  magnitude  of  load  current  in  the  three  phases  and  the  un- 
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through  the  effect  of  variable  permeability  of  iron  in  transformers 
and  as  their  magnitude  is  directly  dependent  upon  the  magnetic 
density  at  which  the  transformer  is  operated,  this  type  of  re- 
sidual is  reduced  by  operating  the  transformers  below  their  rated 
voltage.  There  is  no  doubt  that  the  practise  of  operating  trans- 
formers over  rated  voltage  is  the  cause  for  the  large  residual 
current  of  triple  frequencies  observed  on  star-connected  systems, 
since  the  magnitude  of  these  harmonics  increases  very  rapidly 
as  the  transformer  iron  approaches  magnetic  saturation.         i* 

The  employment  of  the  delta-star  connection  of  transformers 
on  grounded  systems  is  greatly  preferable  to  the  star-star  con- 
nection, in  that  the  delta  winding  provides  a  low  impedance 
path  for  the  triple  harmonics,  in  parallel  with  the  path  provided 
by  the  line  and  earth,  hence  reduces  the  magnitude  of  such  cur- 
rents over  the  line  and  earth  path. 

It  is  difficult  to  accurately  predict  on  systems  employing  the 
star-delta  type  of  connections  whether  or  not  the  magnitude 
of  triple  harmonic  residual  will  be  large  enough  to  cause  severe 
inductive  effects,  since  it  depends  upon  a  multitude  of  con- 
siderations dealing  with  the  interaction  of  different  portions  of 
the  system  on  one  another. 

In  the  case  where  both  star-star  and  star-delta  banks  are  used, 
the  line  sides  being  in  star  with  grounded  neutral,  the  star-delta 
bank  offers  a  low-impedance  path  for  the  triple-harmonic  mag- 
netizing currents  of  the  star-star  bank.  Hence  in  the  line, 
between  two  such  different  banks,  there  will  be  a  large  residual 
current,  and  an  exposure  occurring  there  is  liable  to  serious 
induction.  Such  a  star-delta  bank  may,  however,  be  used  as  a 
shunt  path  for  the  triple-harmonic  residuals,  and  greatly  reduce 
their  magnitude  in  the  line  beyond.  Thus,  a  remedial  measure 
is  suggested  for  the  mitigation  of  triple-harmonic  residuals  on 
systems  employing  the  star-star  connection. 

The  triple-harmonic  circulating  current  of  the  delta  winding 
is  greatly  increased  where  such  connection  is  used  in  combination 
with  star-star  banks  and  hence  a  star-delta  bank  of  size  com- 
parable with  the  star-star  bank  is  required  to  give  effective 
results. 

On  a  system  employing  only  the  star-star  connection  of  trans- 
formers with  grounded  neutrals,  it  is  always  a  safe  prediction 
that  serious  triple-harmonic  residuals  will  be  present,  and  it  is 
essential  that  measures  for  their  reduction  be  considered.  Ter- 
tiary delta  windings  on  such  transformers  are  beneficial  and  new 
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transformers  for  proposed  installations  of  this  connection  should 
be  designed  to  provide  such  windings.  Power  engineers  recog- 
nize the  advisability  of  providing  such  windings  for  their  own 
benefit  when  using  this  type  of  connection  so  that  much  of  the 
trouble  formerly  experienced  will  thereby  be  eliminated  in  the 
future. 

The  interconnected-star  is  a  method  of  reducing  triple-har- 
monic residuals  by  neutralization.  Besides  being  less  efficient 
than  the  star-delta  connection,  it  reduces  the  voltage  rating 
by  13  per  cent  and  requires  a  more  complicated  arrangement  of 
the  wiring. 

It  will  be  seen  from  the  above  discussion  of  the  mitigation  of 
residual  voltages  and  currents  under  normal  operating  conditions, 
that: 

1.  In  isolated  delta-connected  systems,  residuals  may  be 
effectively  and  easily  reduced  by  simple  means. 

2.  In  star-connected  grounded  systems,  several  measures  can 
be  practised  for  reducing  residuals  all  of  which  will  reduce  them 
with  some  degree  of  success  but  none  of  which  are  entirely 
satisfactory. 

Types  of  power-circuit  transpositions  and  barreling  have  been 
described  previously  and  their  application  to  the  practical  case 
will  be  readily  understood.  In  the  case  of  telephone  transposi- 
tions, only  a  single  metallic  circuit  has  been  considered  in  the 
discussion  of  the  co-ordination  of  transpositions,  without  ref- 
erence to  cases  where  more  than  one  telephone  circuit  is  involved 
other  than  to  mention  the  fact  that  the  problem  was  further 
complicated. 

For  the  application  of  co-ordinated  systems  of  power  and  tele- 
phone transpositions  to  the  practical  case,  a  telephone  trans- 
position system  has  been  designed  which  will  care  for  as  many  as 
forty  telephone  wires  (20  physical  and  10  phantom  circuits), 
providing  adequate  crosstalk  balance  between  the  telephone 
circuits  themselves  and  being  capable  of  properly  co-ordinating 
with  power-circuit  barrels  of  varying  lengths.  Further  work  is 
in  progress  which  will  extend  this  system  to  a  full  eighty- wire 
lead. 

This  system  is  known  as  the  "exposed  line  system".    It  is  com- 
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yet,  been  detennined,  are  in  the  process  of  development;  namely, 
the  exposed  line  Y  and  Z  sections. 

'I'lie  exposed  line  A  section  is  nominally  eight  miles  in  length 
with  .'^2  (ransj)osition  points  for  the  circuits  most  commonly  used, 
and  has  l)een  designed  to  give  high  crosstalk-balance  together 
with  induction  balance  to  power  lines  transposed: 

I.  Opposite  any  mile-points  of  the  telephone  transposition 
sv!:leni. 

LV  Wil  h  two  complete  barrels  (five  transpositions  of  the  power 
hin*)  bet  ween  mile-points  of  the  telephone  transposition  system. 

Thus,  for  a  uniform  parallel,  this  section  gives  balance  to  in- 
ihiiliou  from  power  lines  transposed  with  six-mile,  three-mile 
()i-  one-half  mile  barrels.  It  is  possible  to  adjust  the  length  of 
I  his  nominal  eight-mile  section  to  any  value  less  than  eight  miles, 
and  this  is  frequently  done  in  adjusting  the  sections  or  mile- 
points  to  correspond  with  discontinuities  in  the  parallel.  Trans- 
v't-rse  balance  of  all  circuits  to  induction  is  accomplished  in  every 
mile. 

The  exposed  line  X  section  is  nominally  one-half  mile  in  length 
with  four  transposition  points,  and  is  so  designed  that  any  number 
of  units  may  be  installed  end  to  end.  The  A'  section  unit  does 
not  balance  to  power  lines  transposed  within  any  one  unit,  but 
is  (lesi^aied  to  be  so  used  that  transpositions  of  the  power  line 
and  (liscontinutics  of  the  exposure  occur  at  junction  points  be- 
tween successi\'e  units.  Thus  balance  to  induction  is  obtained 
in  three  successive  sections  if  ])owcr  transpositions  are  located 
(jp[)osite  their  junction  |)oints.  Nominally  this  would  give  a 
power  circuit  l)arrel  of  one  and  one-half  miles.  The  X  section 
can  be  made  of  an\-  lcn.i:;t]i  less  than  one-half  mile  ])cr  unit   where 
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crosstalk  transposition  systems,  already  in  the  line,  special 
transpositions  of  all  the  telephone  circuits  on  poles  between  the 
regular  transpositions  poles.  That  is,  their  function  is  to  trans- 
pose all  circuits  with  reference  to  outside  circuits  so  as  to  give  a 
minimum  of  disturbance  to  the  crosstalk  balance  of  the  telephone 
circuits  themselves.  The  prime  purpose  of  * 'whole-line"  trans- 
position is,  therefore,  to  make  possible  the  retention  of  systems 
of  transposition  involved  in  parallelism  which  do  not  provide 
balance  to  induction  in  themselves.  The  use  of  whole-line  trans- 
positions is  limited  by  crosstalk  considerations  to  some  extent 
where  phantom  or  loaded  circuits  are  involved.  Their  chief 
application  is  to  very  short  parallelisms. 

There  are  two  types  of  whole-line  transpositions;  namely, 
the  quarter-mile  unit  and  half-mile  unit.  These  are  shown  in 
Fig.  5. 

The  use  of  short  sections  or  whole-line  transpositions  is  dele- 
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terious  to  the  telephone  service  in  that  it  is  impossible  with 
these  arrangements  of  transpositions  to  reduce  cross-talk  as 
effectively  as  with  eight-mile  sections.  Moreover,  the  difficulty 
of  maintenance  of  telephone  service  is  increased. 

In  order  to  illustrate  in  a  more  comprehensive  manner  the 
application  of  remedial  measures,  such  as  have  been  described 
and  discussed  in  the  i)revious  sections  of  this  pai)er,  a  few 
concrete  examples  will  be  cited  and  their  solutions  discussed. 
Before  doing  this,  however,  we  believe  it  well  to  call  attention 
to  the  fact  that  the  successful  design  of  remedial  measures 
necessitates  an  exact  knowledge,  on  the  ])art  of  the  engineer, 
of  many  details  of  the  particular  case.  Not  only  must  he  be 
thoroughly  conversant  with  the  telephone  circuits  involved, 
but  he  must  also  be  conversant  with  the  characteristics  of  the 
power  system  involved.  It  is  highly  desirable  that  a  personal 
inspection  be  made  and  copious  notes  taken  in  order  that  all 
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|i|'tii1l(<til  itiftlilillitJH  Iw  observed  in  advance  of  the  design  of 
t'i<liii'(liiil  iiK'iisurPs.  'I'hiit  it  is  not  ]x>ssible  for  the  engineer  to 
|i|iruiiiitill>'  iri«|nicl  every  Ofwc  is  recognized,  hence  the  data  must 
iiKtlniiiH  III!  cfilltjctetl  by  some  other  person,  and  it  is,  therefore, 
lltii'eiiMiiry  thilL  II  jirocedure  be  de^-ised  for  presenting  an  accurate 
«inl  cli>|.attu(l  repnrt  to  the  engineer  for  his  guidance. 

Through  the  (.'oiirtusy  of  The  Pacific  Telephone  and  Telegraph 
Ooinpany,  we  present  in  Appendix  I  of  this  paper  the  pertinent 
pHfl  of  nil  engineering  circular,  describing  a  procedure  for  survey- 
ing u  cmti  of  parallelism  and  for  transmitting  an  accurate  account 
of  the  e-MXcntial  facts,  which  we  have  found  exceedingly  satis- 
factory. 

\n  the  examples  which  follow,  the  symbolic  representations 
described  in  Appendix  I  are  used,  and  the  reader  is  referred  to 
this  Ap[K;ndix  for  their  explanation. 

The  forcgoiuK  text  has  emphasized  the  fact  that  the  severity 
of  retiuircmcnts  of  transpositions  and  balance  which  must  be 
imposed  on  the  circuits  in  a  parallel  depends  largely  on  the  wave 
shape  of  the  generating  apparatus  as  well  as  on  the  fundamental 
frequency  of  the  power  system  and  on  other  local  conditions. 
This  fact  has  been  taken  into  account  in  the  examples  given 
below.  In  cases  II  and  III  the  number  of  transpositions  in  the 
power  circuits  is  less  than  would  in  many  cases  give  satisfactory 
results,  but  case  II  represents  an  arrangement  which  was  ap- 
plied with  success,  and  ease  III,  one  which  it  seems  rea- 
sonable to  install,  in  a  particular  case  which  has  arisen. 

Case  I 
Case  I  prcscnis  an  example  of  a  unifonn  parallel  involving 
three  i>ower  circuits  (sec  illuslralinn)  whose  parallelism  is 
Loincidenl  for  a  little  over  half  of  the  total  parallel.  The  case 
was  iiresentcd  for  solution  as  a  |)ractical  problem  in  the  field, 
and  the  reinodial  measures  Lo  be  described  have  been  in- 
stalled in  pari,  and  found  ctlectivc.  The  details  of  the  i>arallel 
and  characteristics  ot  the  jjower  lines  and  telephone  system  are 


1916] 


INDUCTIVE   INTERFERENCE 


1069 


supply   with   grounded   neutral   and   delta-delta   and   star-star 
(isolated  neutrals)  connected  load  banks.    No  transpositions. 

No.    3.     15,000   volts,   three-phase,    50   cycles.     Triangular 
configuration;     pole   construction;    star-star   connected   trans- 
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Case  I. 


former  bank  supply  with  grounded  neutral  and  delta-delta  con- 
nected load  banks.    No  transpositions. 

Telephone  System.  High-grade  loaded  physical  and  phantom 
long  distance  circuits;  ultimate  capacity  of  lead  40  physical 
and  20  phantom  circuits.     Standard  system  of  transpositions. 

Parallel.     10,170   feet  in  length;    separation    of  power  and 
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u.il,     \(»    I.  7r>  lect;    No.  2,  49  feet;    No.  3,  18  feet. 
ia>imim).;  ul  parallel  circuits  No.  1  and  No.  3. 
/    I  yan\[>0situ>n  Scheme.     The  variation  in  length 
.1  (.  inik  h  ,m  V.I  i\w.  Ihrco  power  lines,  different  separations  from 
[\,.     uK['lu'iu'    liur,    (lilTcrence   in   voltages,   configuration   and 
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such  effect  was  to  remove  the  low-impedance  path  of  such  cur- 
rents. Accordingly,  it  was  suggested  that  the  neutral  on  the 
low  side  of  the  star-star  connected  supply  bank  of  transformers 
be  ungrounded.  This  request  was  acceded  to  and  the  residual 
current  was  thereby  reduced  to  a  value  small  enough  to  have 
no  appreciable  inductive  effect  on  the  telephone  circuits. 

With  the  neutral  of  the  No.  1  circuit  supply  bank  grounded 
on  the  low-voltage  side,  some  transient  disturbances  on  the 
60,000-volt  line  feeding  the  bank  were  transformed  and  caus'ed 
severe  trouble  on  the  telephone  circuits.  The  ungrounding  of 
the  neutral  eliminated  this  trouble. 

Circuits  No.  2  and  No.  3  are  supplied  from  a  star-star  connected 
bank  employing  a  grounded  neutral,  but  all  other  transformers 
on  the  two  lines  are  isoUited.  The  star-connected  supply  bank 
has  two  taps  on  the  low  side  so  that  power  may  be  supi)lied  at 
star  voltages  of  10,000  and  8,700  volts.  From  the  10, 000- volt 
tap  energy  is  supplied  over  a  third  circuit  not  involved  in  the 
parallel.  Hence  a  shunt  path  is  provided  for  the  third-harmonic 
residuals,  thus  reducing  the  magnitude  of  such  turrent  in  the 
line  involved  in  the  parallel.  This  condition,  coupled  with  the 
fact  that  a  high-impedance  path  is  offered  to  residual  currents 
via  the  earth  due  to  tlie  presence  of  a  ground  at  but  one  end  of 
the  circuit,  sufficiently  reduces  the  magnitude  of  residual  current 
in  this  short  parallel  so  that  its  inductive  effect  can  be  tolerated. 

Case  II 

Case  II  presents  an  example  of  a  parallel  with  a  power  circuit 
employing  a  grounded  neutral  at  one  point  only.  (See  illustra- 
tion, Case  II).  It  is  of  interest  to  state  at  the  outset  that  this 
parallel  is  one  which  has  recently  been  studied,  the  remedial 
measures  outlined  below  installed  in  part  and  elaborate  tests 
made  to  determine  their  efficacy.  The  details  of  the  ])arallel 
and  characteristics  of  power  and  telci)hone  systems  are  as  follows: 

Power  Syste77i.  60,000  volts,  three-phase,  GO  cycles,  triangu- 
lar configuration;  G-foot  spacing;  delta-delta  connected  trans- 
former banks  throughout  the  system  with  one  exception;  a 
star-connected  bank  with  grounded  neutral  at  one  end  of  the 
line  (see  Case  II.)  Three  existing  transpositions;  two  within 
parallel  and  one  outside. 

Telephone  System.  One  long-distance  telej)hone  circuit  and 
several  long  suburban  circuits.  Standard  system  of  transpositions. 

Parallel.     75,090  feet  in  length;    separation  between  power 
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and  telephone  leads,  45  feet.     Two  crossovers,  one  of  which 
is  at  the  end  of  the  parallel. 

Co-ordinated  Transposition  Scheme.  In  this  case  a  long  uni- 
form parallel  is  presented  which  offers  an  excellent  opportunity 
for  the  use  of  the  exposed  line  A  section. 
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Case  II. 


The  method  was  adopted  of  installing  first  a  very  small  number 
of  transpositions  in  the  power  circuit  to  determine  the  extent 
to  which  the  induction  was  reduced.  The  design  is  such  that 
additional  power  transpositions  can  be  economically  installed 
if  later  found  desirable. 
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Referring  to  Fig.  2,  Case  II,  beginning  at  point  a  (the  com- 
mencement of  parallelism)  an  exposed  line  A  section  is  installed 
of  such  length  that  it  occupies  eight-ninths  the  total  distance 
from  point  a  to  the  crossover  at  point  b.  Thence,  two  X  sections 
of  equal  length  extend  to  the  crossover  point  6,  Transverse 
balance  is  obtained  when  the  existing  power  transposition  is 
removed.  Longitudinal  balance  to  induction  from  the  balanced 
voltages  and  currents  of  the  power  system  is  accomplished  by 
installing  a  barrel  in  the  pQwer  circuit  between  points  a,  6,  with 
two  transpositions  opposite  the  three-ninths  and  six-ninths  points 
of  the  telephone  transposition  system. 

From  the  crossover  at  point  h,  another  exposed  line  A  section 
is  installed  of  such  length  that  it  occupies  eight-ninths  the  total 
distance  from  point  b  to  the  end  of  the  parallel  at  point  c.  Thence 
two  X  sections  of  equal  lengths  are  installed,  extending  to  the 
end  of  the  parallel,  at  c. 

Transverse  balance  is  obtained  when  the  existing  power  trans- 
position in  this  section  is  removed.  Longitudinal  balance  is 
obtained  in  the  same  manner  as  outlined  for  section  a,  ft,  but 
with  reversed  rotation  of  power  transpositions,  the  purpose  of 
which  will  be  explained  below. 

Thus,  coordination  of  the  power  and  telephone  systems  is 
obtained  within  the  parallel  in  so  far  as  induction  from  balanced 
voltages  and  currents  of  the  power  system  are  concerned,  and 
also  transverse  induction  balance  from  the  residual  voltages 
and  currents. 

It  will  be  noted  by  referring  to  Figs.  1  and  2  that  a  junction 
occurs  in  the  telephone  line  at  a  point  d  which  would  ordinarily 
be  treated  as  a  point  of  discontinuity,  and,  therefore,  balance 
to  induction  should  be  obtained  on  either  side  of  it.  In  this  case, 
such  balance  is  unnecessary  since  the  junction  point  shown 
represents  a  tap  off  the  long  distance  circuit  under  consideration. 
Had  one  or  more  circuits  branched  from  the  lead  or  terminated 
at  this  point,  the  others  running  through,  it  would  have  been 
necessary  to  make  the  junction  a  neutral  point  and  obtain 
balance  independently  on  each  side.  This  would  probably 
have  required  the  use  of  short  sections  in  the  telephone  line  and 
two  additional  transpositions  in  the  power  line. 

Mitigation  of  Residuals.  Due  to  the  presence  of  the  grounded- 
neutral  bank  at  one  station  and  the  triangular  configuration 
used  in  most  of  the  system  the  effect  of  capacitance  unbalance 
of  the  lines  in  causing  residual  voltage  will  be  very  small.    Hence 
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under  the  '/[icratinK  crjtidition  shown  iti  Fig.  3  transpositions 
ouUidc  the  itarallel  were  nrrt  in  this  Ki.sc  nccessan-.  The  manner 
ot  locating  such  power  transftositions  for  capacitance  balance 
is  however  shoMrn  in  PiE>  3-  When  the  ETrmndcd-neutral  hank 
is  disc^jnnected  from  the  sj'stcm  there  is  a  considerab!e  residual 
voltage  due  to  ihc  vertical  confiKuraiion  of  the  tn-o  lines  a  b. 
The  line  ae  beioK  trianf.'ular  has  a  much  lower  capacitance  un- 
balance Moreover  the  ultimate  replacement  of  the  grounded- 
neuiral  bank  by  a  ciclla-delta  bank  ii  contemplated.  An  atten- 
dant advanta;;^  of  IntnsixisinK  tins  line  throuKhfml  its  !fn>:th 
is  tht  improvement  of  the  power-system  telephone  circuit  which 
is  located  on  the  i)f>wer-drcnit  poles. 

In  view  of  these  c-onsidcrations  it  was  deemed  desirable  to 
rely  upon  the  efficacy  of  the  coordinated  transposition  system 
and  balance  of  telejihone  circuits  to  avoid  interference  from  the 
triple- harmonic  residuals  due  ttj  the  grounded-star  transformer 
bank. 

The  pliin  devised  for  obtaininj;,  an  approximate  capacitance 
balance  is  outlined  below.  If  the  transpositions  according  to 
this  scheme  prove  to  be  insuffjcient  others  can  economically  be 
a-i.lp'l 

('onsidcrin[.;first  thctwopowcrcircuitsaft  (seeFiK.  3  Case  II) 
o[icratinKm  i>.'iralld,  two  15-mile  barrels  are  installed  in  each  line. 
Tiie  suction  involvin;;  the  parallel  c.d.  is  already  balanced  by 
virtue  of  the  two  barrels  installed  to  co-ordinate  with  the  tele- 
plmno  Ininsijositioii  system  ;ind  provide  longitudinal  induction 
balance  within  the  parallel.  Hence  one  scetioii,  o.r.and  a  second 
seclion  nn  the  olher  side  of  the  parallel,  d.e.  remain  unbalanced. 
In  the  serlion  n.r.  tliere  is  an  existitif^  transposition,  to  be  re- 
laini'r]  if  |,..ssibl<-,  T!KTcf'>re.  two  barrels  of  unciiual  lens^th 
wrre  insi.illcd  in  the  sri tion  ti.f,  utili/.inj;  in  one  oi  them  theex- 
islinf!  IranspDsitinn;  !iy  re\(Tsal  of  the  two  transpositions 
witliiri  (lie  sccli.in  of  parallel  //.< ,  Fi;;.  2,  the  pn^per  type  of  cx- 
li.isiirc  oiciirs  id  the  section  i/.c,  Fif;.  3,  wliirh,  considered  with 
il)e  seitinti  fr'>m  the  existing  transposition  tu  point  c  makes  up 
the  liefiricnry  in  len;;ll]  of  the  barrel.  Hence  capacitance  balance 
is  obtained  by  the  use  of  two  l!)-mile  barrels,  although  using  a 
delachvcl  sectinii  rjf  power  line  for  balance.  This  case  again 
illustrates  the  use  of  the  reversed  rotation  of  power-circuit  trans- 
i.osilinns. 

IL  may  he  stiiteil  ii:  eoimeetion  with  this  cast:  that  the  Iraiis- 
|HJsitions  lor  eapaeiliinee  balance  and  reiluction  of  residual  vol- 
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tage  in  the  power  system  have  not,  as  yet,  been  installed.  The 
reason  that  they  were  not  installed,  is  that  under  the  present 
conditions  of  operation  the  coordinated  transposition  system 
within  the  parallel  was  determined  by  test  to  be  sufficient  to 
provide  the  requisite  relief  and  that  the  longitudinal  effect  of 
the  present  existing  residual  currents  and  voltages  was  sufficiently 
small  not  to  warrant  greater  refinement  at  this  time. 


t  >ilttl  t<M'U  Ht  >>ni-  of  the  third-pomts  of  t  d. 
..il  li.tlulKV  W<mlcl  liitvv  iK-en  obtained.     It  will 
,t  Lltitt  '<t  'V  *  "•tt'iilU'i-  In  lonifitudinal  baJaiure  was  made  in 
i.ilvi  III  ivl.ilii  'tit  *'^'»ti'H;  )'"«"-»■  transposition. 
KtMiti  ihv  Umd  t'f«*<Mtv(^T  li  to  |>oint  g,  the  end  of  the  paralld. 


■of"  \i»b^  -I  --moo'-tC  ■;-— -'soo — '"VK- 
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tw'i  ,V   Sfciions  and  one  A    section  are  installed.     The  ex]josed 
hne  A  section  is  of  such  length  that  the  pole  at  two-eij;hths  of 
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versed  rotation  is  installed  opposite  the  junction  of  the  A  and  X 
sections,  thus  giving  in  combination  with  the  section  b^c,  ap- 
proximate longitudinal  balance  in  the  total  section  b,c,  and  d^e. 
The  existing  power  transposition  in  section  d.e,  is  removed. 
Whole-line  transpositions  are  installed  in  the  A  section  between 
the  one-eighth  and  two-eighth  points  in  order  to  reduce  the  trans- 
verse unbalance  incurred  due  to  the  interruption  in  parallel 
from  e,f.  Thus,  transverse  balance  has  been  obtained  in  the 
section  of  parallel  d,e. 

In  section  /,  g,  power  transpositions  are  installed  opposite  the 
three-eighth,  four-eighth,  six-eighth  and  seven-eighth  points  of 
the  A  section,  thus  accomplishing  longitudinal  and  transverse 
balance  to  induction  in  this  section.  The  existing  power  trans- 
position in  the  section  /,  g,  is  removed. 

It  will  be  seen  that  a  coordinated  system  of  power  and  tele- 
phone transpositions  has  been  applied  which  balances  to  both 
transverse  and  longitudinal  induction  from  the  balanced  volt- 
ages and  currents  of  the  power  system,  and  transverse  induction 
from  the  residuals  of  the  power  system. 

Mitigation  of  Residuals,  Since  in  this  case  an  isolated  system 
is  involved  and  the  flat  configuration  causes  a  large  residual 
voltage,  the  remedial  measure  required  is  transposition  of  the 
power  circuit  outside  the  parallel  in  such  a  manner  as  to  balance 
the  capacitance  to  ground  of  the  several  phases. 

In  order  to  determine  how  small  a  number  of  transpositions 
would  give  relief  in  this  case,  it  is  proposed  to  install  very  long 
barrels  in  the  sections  of  power  line  beyond  the  exposure,  as  in- 
dicated in  Fig.  3.  These  will  not  be  entirely  effective  if  high- 
frequency  components  in  the  power  circuit  are  prominent. 
The  method  of  laying  out  these  transpositions  is  as  follows: 

The  transpositions  of  the  power  circuit  within  the  parallel 
for  longitudinal  induction  balance  from  the  balanced  voltages 
and  currents  also  provide  capacitance  balance  for  this  section 
of  power  line.  It  remains  to  transpose  the  section  of  line  outside 
the  parallel  so  that  capacitance  balance  is  obtained  throughout. 

In  the  section  between  one  limit  of  the  parallel  g  and  the  sub- 
station h  (26  miles), one  barrel  is  cut  in  the  power  line  by  installing 
two  transpositions  of  normal  rotation  at  the  one-third  and  two- 
third  points. 

In  the  section  between  the  other  limit  of  the  parallel  b  and 
substation  j  (22.5  miles),  a  barrel  is  cut  in  the  power  line  by 
installing  two  transpositions  of  normal  rotation    at  the    one- 
hird  and  two  third  points. 
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L.uH  the  [Miwcr  lino  junction  point  *  to  substation 

,  ,,iivit  for  in  a  like  manner. 

'  ,,,„     ■.  v\*ih  oi  ilic  four  sections  cited,  capacitance  balance 

,    v»«wWinI      Alluation  is  called  to  the  manner  in  which  the 

.■,Hv.s»l  i\Misi>l«rationB  such  as  length  of  line  and  location  of 

'■.A\iiHimiili<'s    nrbilrarily  determine  the  length  (maximum)  of 

,\««vi  i-ifA-uit  barrel  both  from  the  standpoint  of  coordination 

,M  Uiii^lKisilio""  and  measures  for  capacitance  balance. 

riiis  I'tisi'  is  imo  which  was  presented  fur  solution  in  the  field. 
I  linvi'VLT,  for  the  purpose  of  simplifying  the  discussion,  the  extent 
III  power  system  Iwyond  either  end  of  the  parallel  has  been 
uri-nHy  reduced, 

'i'lic  above  cases,  it  is  thrjught,  will  serve  to  give  a  general 
ii!c;i  iif  the  practical  methods  pursued  in  the  lield  for  the  solution 
iif  inductive  interference  problems.  It  must  be  rememheretl 
that  the  remedial  measures  set  forth  in  the  above  cases  are  not 
necessarily  applicable  to  other  cases,  and  that  each  case  requires 
a  onsi deration  of  its  particular  conditions  in  order  that  adequate 
remedial  measures  may  bo  provided. 

In  conclusion,  we  can  say  with  conviction,  based  upon  tlie 
facts  citcfl  in  this  paper  and  our  actual  experience,  1h:it  the  gen- 
eral problem  of  inductive  interference  involving  three-phase 
circuits,  while  seemingly  difficult  of  solution,  is  in  fact,  when  ' 
f:iirlv  and  rcasonablv  approached,  usually  simple  and  inexpensivc- 
'l"he  remedial  measures  employed,  when  properly  designed  and 
installed,  are  very  effective.  It  is  tme  that  occ;isionalty  a  problem 
will  arise,  the  solution  for  which  will  im|)Ose  some  burden  on 
one  or  both  interests  involved.  When  such  a  ])rol'leni  does 
arise,  il  is  capable  of  solution  only  throu-h  a  broad  c-opcrative 
-pirit  bt'twcen  Ihc  two  parties  and  their  mutual  willingness  to 
lifjar  ;^uch  burden  for  the  welfare  of  the  cnmTmmity. 

appendix  i 
Data  Required  in  Cases  of  Parallelism 
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necessary  for  a  study  of  a  parallel  to  devise  means  for  the  pre- 
vention or  reduction  of  inductive  interference  arising  therefrom. 
In  order  that  the  best  results  may  be  secured,  the  instructions 
given  herein  concerning  the  preparation  of  the  report  trans- 
mitting the  required  data  should  be  very  carefully  followed. 

In  the  case  of  a  proposed  parallel,  or  general  reconstruction 
of  an  existing  parallel,  a  study  shall  be  made  to  determine 
whether  or  not  other  routes  are  available,  for  cither  the  tele- 
phone or  power  lines  involved,  which  will  avoid  the  parallel. 
A  report  on  possible  alternatives  shall  be  presented  in  connection 
with  the  transmittal  of  other  data  concerning  the  parallel. 

The  forms  and  instruction  of  this  circular  have  been  devised 
to  facilitate  a  complete  report  on  parallels  alread}^  in  existence; 
the  same  general  plan  can  be  followed,  however,  for  proposed 
parallels. 

If  any  of  the  data  are  doubtful  the  best  obtainable  information 
shall  be  given  and  its  degree  of  reliability  stated. 

A — Telephone  and  Power  Line  Data,  A  form  for  reporting 
the  data  regarding  the  power  and  telephone  line  is  given.  The 
form  should  be  typed  or  mimeographed  as  convenience  dictates. 
It  is  self-explanatory  as  to  information  required. 

B — Exposure  Chart.  The  telephone  pole  line  involved  in  a 
parallel  shall  be  plotted  as  a  straight  line,  from  left  to  right  in 
the  direction  of  transposition.  The  scale  should  be  4000  feet 
per  inch,  or  2000  feet  per  inch  for  short  parallels  and  any  case 
where  complications  render  a  smaller  scale  undesirable. 

The  power  line  a7id  all  arc  circuits,  distribution  circuits  of  2200 
volts  or  over,  telephone,  telegraph  and  signaling  lines  of  other  com- 
panies, shall  be  plotted  so  as  to  indicate  continuously  along 
the  telephone  line  the  horizontal  separation  between  the  tele- 
phone pole  line  and  the  pole  or  tower  lines  su{)porting  such  other 
circuits.  These  are  to  be  plotted  only  ivithin  the  exposure  to  the  high- 
voltage  power  line. 

The  scale  for  plotting  separation  will  depend  on  the  average 
separation;  50  feet  i)er  inch  is  usually  convenient.  The  ac- 
companying exposure  chart,  shows  an  example  of  a  parallel  and 
how  the  chart  is  to  be  plotted. 

Distances  measured  along  the  telephone  line  from  a  given 
reference  point,    (and  corresj^onding  telephone  pole  numbers) 
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b.  Loadi  ng  points. 

C.  Beginnings  and  ends  of  parallels. 

d.  Points  where  power  lines  cross  over  telephone  lines. 

e.  Points  where  abrupt  changes  in  separation  occur. 

f .  Points  where  changes  in  configuration  of  power  or  telephone 
circuits  occur. 

g.  Location  of  bridged  stations  and  sections  of  cable  in  the 
telephone  line. 

h.  Power-circuit  transpositions. 

i.  Points  where  load  or  feeder  branches  connect  with  power 
line. 

j.  Places  where  there  arc  spans  of  excessive  length;  river 
crossings,  R.  R.  crossings,  die. 

k.  Each  tower  in  case  power  circuit  is  supported  on  towers. 

The  chart  shall  contain  as  many  sketches  of  the  cross-section 
of  the  exposure  as  are  needed  to  show  the  several  types  of  con- 
struction, configuration  and  relative  location  of  lines.  A  note 
under  these  shall  specify  the  point  at  which  each  type  begins 
and  ends.     These  diagrams  should  show: 

a.  Average  pole  or  tower  heights. 

b.  Difference  in  elevation  of  ground  under  the  two  lines. 

c.  Dimensions  to  locate  points  of  support  and  spacing  of  all 
wires  on  poles  or  towers. 

d.  Traffic  numbers  of  telephone  circuits  with  the  number  of  the 
pole  to  which  they  apply. 

A  sketch  shall  be  given  showing  the  method  employed  in  trans- 
posing the  power  line  and  number  of  poles  involved  in  a  trans- 
position. 

If  special  construction  is  employed  at  power  line  crossings, 
the  details  shall  be  given  in  the  rei)ort. 

Any  special  construction  in  the  telephone  line,  such  as  at  river 
crossing,  shall  be  described  in  the  report. 

The  chart  shall  contain  a  title  including  the  number  of  the 
parallel,  location,  companies  involved,  voltage  of  power  lines, 
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c.iine.1  tf.  the  nearest  fwt,  if  100  ft-ct,  to  the  nearest  five  feet). 
V  ?visr'ii5  of  wiix-s  .it»ovo  ttie  Kryuinl  shall  he  fnven  to  the 
",-v<;  ■>!  The  honinnlnl  iiiid  vertical  distances  between 
v^  .^-  ■•niT  (-iixniit  (uul  wire  sjmciiiK  on  the  telephone  line 
-  "v  . .  -,  t.i  llip  iieaivst  iiii'h. 
V--,  r..  .n>-(:iil«ritti-s  must  be  neglected,  but  the  purpose 

.„.;   :      >■«■»(   Ihe  iiverttKc  conditions  as  faithfully  as 

,  „    ..:         ..  .1  i,>  ,:nf  iljita  of  all  pronounced  changes  in  the 

-  ,  ■:.,  ...  t^Miutm  I'J  Power  System.  Much  of  the  required 
..  ..I ...  ..1  i.iiin'ininv!  the  power  circuit  can  be  shown  diagram- 
:.:  .^-^    .    iii.lii'nti'd  ill  Kccompanyinc  illustration.     This   dia- 

Ul  ii'i.-'  or  ;i|ii)ur!itHS  metallically  connected  to  the  power 
ii'i..  I'muIm-iI.  Awto-lransformers  constitute  metallic  con- 
1.U.I1,  l.,hM'i'ii  lines  of  different  voltages,  hence  the  circuit 
.;i.nM  .h'liilil  nol  terminate  in  such  transformers.  Lines  or 
j.ii.iiii  .  \\liiili  are  connected  to  the  circuit  involved  in  the 
alkl  li>   iwo-coil  IninsEomiers  arc  not  required  to  be  shown. 

Mci  \,<..\  of  connection  of  both  primary  and  secondary  sides 
ill  IniiilnniiiT  banks  connected  to  the  circuits.  Indicate 
iuiil,nl>   Utc  condition  of  all  neutrals,  whether  Krounded  or 

U'luvi-  single-phase,  open  delta  or  Scott  connections  occur, 
|p,it  I  iiular  phase,  to  which  each  wire  is  connected  shall  be 

'\\\n-  ,'ind  location  of  air  and  oil  switches. 
.   Tvpc,  location  and  connections  of  li!;htiiin;;  arresters. 

!.rii;iiioii  and  ralio  of  [Mjtcntia!  and  current  transformers; 
li'.n  iind  ran^e  of  ammeters  in  neutral  jiround  connections. 

'rr,iii>;i)n.-;iiions  in  the  power  circuits. 

Tlnj  kti;:ll]  of  priwer  circuit  between  all  pr.iuts  of 
rirl:Liuc,  siicii  as  stations,  branch  points,  trans|)(isilion  yioints, 
pniuf-  wlicrc  coiiliLTuration  chaii!.;cs,  to  the  nearest  D.l  mile. 
.  \'oka^cs  and  ca]iacitics  <■{  transfnrnicrs  or  otiicr  apparatus 

A  cross-section  of  the  power  circuit  at  some  one  point  with 
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diagrams,  in   the   manner  shown  in  the  illustration,  is  given 
herewith. 

D.  General  Route-Map.  The  power  and  telephone  lines 
shall  be  plotted  on  a  map  whose  scale  may  be  several  miles  per 
tnch.  Where  available,  the  U.  S.  Geological  Survey  topograph- 
ical maps  are  very  convenient  for  this  purpose.  The  toll  route- 
maps  of  the  telephone  company  can  sometimes  be  advantage- 
ously used  as  a  basis.  The  telephone  line  shall  be  indicated  as 
far  as  the  adjacent  S  poles  outside  of  the  parallel.  The  power 
circuit  and  substations  shall  be  shown  to  an  extent  correspond- 
ing to  the  diagram  of  connections.  In  case  the  extent  of  the 
power  system  makes  this  impractical,  a  separate  geographical 
map  of  the  system  shall,  if  possible,  be  obtained  from  the  power 
company.  Possible  routes  for  either  line  to  avoid  the  parallel 
shall  also  be  indicated  on  this  map. 

DATA    CONCERNING    TELEPHONE   AND    POWER    LINES 

INVOLVED    IN    A    PARALLEL 

Division  Parallel  No 

191 

I.     General 

1.     Location  of  parallel 


(Between  what  towns?)  (State) 

2.  Length,  along  telephone  line miles. 

(distance  between  limits) 

3.  Name  of  power  company 

4.  Number  of  power  circuits 

5.  Is  the  parallel  existent  or  proposed? 

6.  Which  is  the  senior  company? 

II.     Telephone  Line 

1.     If  par'allel  is  existent,  state  in  detail  the  nature  of  the  observed 
trouble 

2.     What  other  parallels  are  there  involving  these  telephone  lines? 

3.  Is  there  trouble  from  secondary  induction? 

4.  State   the   present   physical   condition   of   the   telephone  line. 

How  soon  will  it  require  general  reconstruction? 
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.    6.     What  is  the  ultimate  capacity  of  the  telephone  line? 


7.     State  specification  and  drawing  numbers  of  telephone  trans- 
position systenL 


8.  If  any  circuits  are  loaded,  state  the  location  of  loading  points, 
give  pole  numbers  within  the  parallel  and  at  the  adjacent 
loading  points  outside  of  the  exposure,  and  state  whether  or 
not  loading  point  is  an  H  fixture 


9.     What  types  of  insulators  are  used  on  the  telephone  line? 

What  types  of  insulators  are  used  at  loading  points?. 


10.     If  the  apparatus  connected   to  any  circuit   is   not   standard 
T.  P.  T.  &  T.  Co.  equipment,  describe  it .". 


11.  State  location  of  any  x)oints  within  the  parallel  at  which  cir- 
cuits enter  cable  {e.g.^  river-crossings).  Give  specification 
number  of  cable ^ 


12.  Do  any  circuits  branch  from  the  telephone  line  within  the 
exposure?  If  so;  state  traffic  numbers  and  points  of  branch- 
ing. If  local  circuits  are  also  involved  in  the  parallel,  give 
the4r  points  of  branching 


13.     Telephone  Circuits  involved  in  the  Parallel 
Traffic     Physical  or         Size  &  material       Loaded  or     Terminals 
No.         phantom  of  wire  non-loaded 


14.     Describe  special  construction  in  telephone  line  at  river  cross- 
ings, etc 


15.     State  any  other  pertinent  information 


III.     Power  Circuit         No *) 

1.  Voltage.- 

(actual  operating  voltage  between  wiics) 

2.  Number  of  phases ,  Frequency cycles  per  sec- 

3.  Power  circuit  supplied  from Station 

4.  Power  circuit  supplies  energy  to 


5.     Character  of  load,  motor,  lighting  or  both. 


6.  Average  current  per  phase amperes. 

7.  Average  daily  maximum  current amperes. 

♦If  there  are  two  or  more  power  circuits  they  should  be  reported  sepa- 
rately and  every  sheet  marked  to  indicate  (by  number)  the  particular 
circuit  reported  thereon. 
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8.  Hour  at  which  peak  load  occurs 

9.  If  the  neutral  points  are  grounded,  are  there  ammeters  in  the 

neutral  connections? „ 

10.  State  their  range „ 

11.  Are  they  connected  directly  or  through  current  transformers? 


12.     Give  ratio  of  transformation.-. 


What  is  the  average  neutral  current? amperes. 

13.  Size  of  conductors ga. 

Material  of  conductors 

14.  In  case  the  power  line  is  existent,  state  its  present  physical  con- 

dition.     How   soon   will   it  recjuire  general  reconstruction? 

15.  Type  of  insulators 

Are  the  insulator  pins  grounded? 

If  suspension  insulators,  state  number  of  discs 

16.  Lightning  arresters. 

Location                  Type       Connections     Frequency  Charging 

and  time  current- 

of  day  of  amperes 

charging  per  phase 


What  is  the  method  of  charging?. 


17.     Switches 

Location      Type            Mechanically  inter-  What  devices  are 

connected  for  simul-  there  for  auto- 

taneous  action?  matic  operation 


of  switches? 


18.      Transformerc 

Location      No.       Mfr.    Kv-a.    Voltage    Form    Single  If  three- 
of                    rating     rating       No.         or  pliase, 

units  etc.     three-  shell  or 

phase  core  type 


19.  Rotating  apparatus.     If  generators,  motors  or  converters,  etc., 

arc  metallically  connected  to  a  circuit  involved  in  a  parallel 
or  if  such  circuit  connects  directly  to  a  generating  station, 
give  data  as  to 
Kind  of      Location       No.       Mfr.   Type  Kv-a.       V^oltage     Electri- 
Apparatus  of  rating        rating      cal  con- 

units  nection 

20.  State  other  pertinent  information 
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Discussion  on  "Inductive  Interference  as  a  Practical 
Problem*'  (Griswold  and  Mastick),  Seattle,  Wash., 
September  6,  1916. 

Frederick  Bedell:  Remedial  measures  for  inductive  disturb- 
ances are  necessary  because  we  do  not  have  perfect  telephone 
circuits,  nor  perfect  power  circuits,  nor  perfect  power  generators. 
By  improving  the  wave-form  of  the  power  generators — that  is, 
by  making  the  wave-form  more  nearly  a  pure  sine  wave — 
inductive  disturbance  and  the  necessity  of  remedial  measures 
can  be  reduced,  as  is  pointed  out  in  the  paper;  but  in  all  probabil- 
ity the  best  that  can  be  done  in  the  design  of  machinery,  without 
prohibitive  expense,  will  only  reduce,  but  not  eliminate  the  dis- 
turbance. The  problem  of  remedial  measures  will  still  remain, 
but  it  will  be  an  easier  problem.  A  standard  of  wave-form,  in 
this  connection,  is  seen  to  be  desirable. 

L.  T.  Merwin:  The  authors'  paper  presents  one  consistent 
scheme  only  for  overcoming  the  troubles  of  inductive  interference 
Unquestionably,  the  telephone  companies  have  made  elaborate 
experiments  as  to  the  possibility  of  developing  other  means  of 
overcoming  the  troubles.  So  far  as  I  know,  the  power  com- 
panies have  done  little  or  nothing  along  this  line.  It  would  be 
extremely  interesting  to  us,  as  power  men,  to  know  what  other 
remedial  measures  were  tried,  and,  if  tried,  why  they  were 
abandoned.  I  would  like  to  ask  Mr.  Mastick  if  the  telephone 
companies  have  tried,  for  instance  a  scheme  that  appears  to  me 
to  have  some  value,  and,  if  they  have,  what  were  the  results :  For 
example,  is  it  possible  to  so  modify  the  Thompson  system  of 
telephone  line  loading  with  inductive  shunts,  that  those  shunts 
instead  of  giving  a  straight  line  function,  for  the  j  component 
of  the  impedance  which  would  be  obtained  with  inductive 
character  only — would  give  an  approximate  straight  line  function 
for  all  frequencies  above,  for  instance,  the  5th  or  the  7th  harmonic 
of  a  60-cycle  system,  and  a  sharply  divergent  or  logarithmic 
function  for  all  frequencies  below?  In  other  words,  that  the 
shunts  would  perform  two  functions,  namely,  that  of  providing 
a  short-circuit  path  for  low  frequencies;  and,  on  the  other  hand, 
perform  the  same  service  as  the  inductive  shunts  of  the  Thomp- 
son system  of  loading  for  the  higher  frequencies,  namely,  that  of 
producing  a  distortionless  line — laying  aside  the  matter  of  attenua- 
tion for  the  present — for  frequencies  within  the  usual  range  of 
voice  currents,  but  producing  short-circuit  paths  for  these 
troublesome  3d,  7th  and  9th  harmonics  of  the  60-cycle  system. 
Have  the  telephone  companies  experimented  with  series  im- 
pedances in  their  lines  of  such  a  nature  that  the  series  impedances 
if  judiciously  placed,  would  produce  a  high  resultant  impedance 
for  all  low  frequencies,  and  yet  produce  a  straight  line  function 
of  the  Pupin  type  of  loading  for  all  frequencies  say  from  the  9th 
harmonic  of  the  60-cycle  system  up  through  the  range  of  the 
voice  frequencies  ?  If  methods  of  this  sort,  or  of  any  similar  sort 
have  been  tried,  it  would  be  extremely  interesting  to  us  to  know 
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what  were  the  difficulties  encountered,  and  why  they  were 
abandoned.  Any  scheme  of  transposition,  that  is  laid  out, 
involves  the  expenditure  of  money,  and  it  is  only  natural  that 
when  the  power  companies,  themselves,  are  only  concerned,  in  so 
far  as  the  reaction  of  the  trouble  may  lead  to  force  expenditure, 
it  is  only  right,  I  say,  that  we  should  ask  of  those  who  are  fitted 
to  answer — the  telephone  engineers  themselves — as  to  the 
possibilities  of  other  methods  of  overcoming  the  troubles. 

J.  B.  Fisken:  Two  years  ago  the  power  engineers  were  pretty 
much  alarmed  at  what  they  learned  regarding  the  California 
order,  and  it  looked  as  if  we  might  possibly  have  to  go  into  the 
hands  of  receivers  or  go  out  of  business.  It  does  not  look  as  bad 
to  me  now  as  it  did  then.  It  looks  as  if  a  good  many  cases  could 
be  taken  care  of  without  prohibitory  expense.  One  question 
I  want  to  ask  Mr.  Mastick  is  whether  I  am  right  in  supposing 
that  the  flat  construction  of  a  line  is  more  detrimental,  in  that  it 
produces  more  residual  voltages  than  the  triangular  construction  ? 
I  have  had  some  experience  with  a  line  of  flat  construction  65 
miles  in  length,  and  this  line  was  built  to  avoid,  as  far  as  possible, 
paralleling  the  telephone  toll  lines,  although,  to  some  extent,  it 
does  parallel  them,  and  we  had  nothing  brought  to  our  attention 
to  lead  us  to  believe  that  the  flat  construction  was  objectionable. 
Of  course,  it  is  transposed,  just  the  same  as  a  triangular  construc- 
tion, and  we  have  had  nothing  to  indicate  that  the  residuals  are 
serious  on  that  line.  It  begins  to  look  as  if  we  had  to  take  care 
of  two  features  of  construction,  or,  rather,  one  feature  of  con- 
struction and  one  feature  of  design  of  apparatus;  the  feature 
of  construction  being  the  location  of  transpositions,  which,  to 
my  mind,  unless  our  telephone  friends  insist  on  putting  them  in 
too  frequently,  are  not  objectionable;  and  the  other  of  getting 
rid  of  the  higher  frequencies,  which,  I  think,  are  just  about  as 
objectionable  to  the  power  men  as  they  are  to  telephone  en- 
gineers. 

W.  D.  Peaslee:  There  is  another  feature  that  has  not  been 
mentioned  in  the  paper,  that  is  of  considerable  importance,  I 
think,  in  the  interference  of  a  power  line  with  a  telephone  line, 
and  that  is  the  effect  of  the  continual  corona  discharge  on  a  defec- 
tive insulator,  and  also  the  effect,  which  I  have  seen  on  a  great 
many  of  the  lines,  in  the  northwest,  especially  when  they  have 
taken  to  grounding  the  insulator  pins  on  wooden  poles.  On  a 
great  many  of  those  lines,  you  will  see  the  ground  wire  connec- 
tion to  the  insulator  pin,  loose,  and  at  night,  you  will  see  a  con- 
tinuous discharge  from  the  line  into  the  condenser  of  the  insulator 
from  this  loose  connection.  In  a  short  study  of  that,  I  tuck 
an  insulator — a  standard,  60,000-volt,  pin-type  insulator — and 
putting  on  an  artificial  line  with  loose  connection  to  a  pin  of 
that  nature,  with  an  ordinary  coil  of  wire  containing  300  feet  and 
a  telephone  receiver,  I  have  succeeded  in  getting  considerable  dis- 
turbance into  the  coil  of  wire.  I  would  like  to  know  if  Mr. 
Mastick  has  encountered  any  situation  of  that  kind,  wherein  the 
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transmission  of  such  disturbance  on  the  transmission  line  into  the 
telephone  circuit  occurs.  Being  of  high  frequency,  and  oscillatory 
in  character,  it  would  be  a  very  difficult  thing  to  get  rid  of,  and 
also,  a  defective  insulator,  always  produces  a  high-frequency 
discharge  or  oscillation  in  the  power  line.  These  discharges  are 
very  troublesome  to  the  power  people,  and  I  would  like  to  know 
in  that  connection,  also,  if  interference  has  been  encountered 
with  this  static  inductance,  with  these  ground  connections  show- 
ing up  in  the  telephone  line,  either  as  a  bat  in  the  telephone 
receiver,  or  as  a  continuous  high-frequency  disturbance. 

R.  F.  Robinson:  In  answer  to  that  last  question,  I  had  some- 
thing to  do  a  few  years  ago  with  a  line,  where  there  was  a  great 
deal  of  trouble  with  the  charging  of  the  electrolytic  lightning 
arresters.  We  made  some  tests  with  the  power  man,  and  had 
him  vary  the  way  in  which  he  charged  the  arrester.  He  drew, 
for  instance  a  very  short,  quick  arc,  that  made  very  much  less 
disturbance  in  the  telephone  line  that  when  he  drew  out  a  long 
arc  and  held  it  for  a  long  time.  In  drawing  that  long  arc,  it 
seemed  to  put  the  telephone  line  out  of  business  all  the  time 
that  the  arc  was  held.  The  results  on  that  line  on  account  of 
the  trouble  were  rather  serious.  There  had  been  two  or  three 
cases  of  persons  being  injured  while  using  the  telephone  line  at 
the  time  the  charging  operation  was  taking  place.  In  one  case, 
a  lady  who  was  using  the  public  telephone  in  a  booth,  was  ren- 
dered unconscious  during  the  time  of  this  electrolytic  charging. 
The  answer  seems  to  be  indicated  in  this  paper,  that  it  is  a 
matter  for  co-operation  of  the  telephone  companies  and  the  power 
companies.  The  telephone  people  have  probably  done  more 
studying  on  these  questions,  and  in  many  cases,  they  have 
come  to  the  conclusion,  **Well,  it  is  up  to  the  power 
people.  We  can't  do  anything  more."  The  power  people  on 
the  other  hand,  say  **It  is  not  our  trouble.  Let  us  leave  it  to 
the  telephone  people.  They  have  got  to  figure  out  some  way  to 
get  around  it."  But  this  paper  very  clearly  indicates,  I  think, 
that  it  is  impossible  for  either  the  telephone  companies  or  the 
power  companies  to  do  all  the  work  to  overcome  this  induction 
trouble,  but  they  must  work  together,  and  design  the  necessary 
means  to  get  around  the  trouble  at  the  least  expense  to  both 
companies.  Apparently,  that  consideration  was  one  of  impor- 
tance in  designing  these  transpositions  which  have  been  brought 
out  here — that  neither  the  telephone  nor  the  power  company 
should  be  put  to  any  unnecessary  expense  or  any  unnecessary 
work  on  their  lines,  which  could  be  avoided  by  co-operation  on 
the  part  of  the  other  company. 

L.  J.  Corbett:  Two  years  ago  the  investigations  on  inductive 
interference  had  just  been  started  and  a  working  rule  was  inaugu- 
rated and  adopted  in  California.  Only  the  simplest  circuits, 
if  I  remember  rightly,  were  taken  up.  At  the  present  time, 
we  have  a  great  many  different  types  of  lines  and  interference 
cases  analyzed.    In  time  I   presume  all  possible  cases  will   be 
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find  the  break,  because  it  was  only  about  half  an  inch,  and  could 
hardly  be  seen  from  the  ground.  We  found  it  by  repeated  experi- 
ments in  trying  the  line  and  finally  one  man  saw  a  flash,  examined 
it,  and  found  the  wire  broken.  In  many  cases,  the  transformer 
itself  does  not  give  an  absolutely  true  neutral,  and  if  the  trans- 
formers have  neutrals  grounded  all  over,  there  will  be  a  slight 
interchange  of  ciurent* between  them,  which  is  not  serious  from 
the  power  man's  standpoint,  but  I  conceive  might  be  quite  serious 
from  the  telephone  man's  standpoint. 

L.  T.  Merwin:  If  the  telephone  companies  have  experimented 
along  other  lines  of  remedial  measures,  as  suggested  in  my 
previous  remarks,  I  would  like  to  ask,  if  a  distortionless  line  was 
obtained  at  the  expense  of  great  attenuation,  what  percentage 
attenuation  would  be  considered  the  limit  that  could  be  utilized 
and  yet  be  not  objectionable,  by  reason  of  modem  methods  of 
amplification  in  use  by  the  telephone  companies,  either  me- 
chanical or  of  the  audion  bulb  type. 

R.  W.  Mastick:  It  seems  desirable  before  replying  to  specific 
questions  to  discuss  briefly  the  subject  of  *'Noise"  in  telephone 
circuits  which  are  exposed  to  high-tension  power  circuits,  since 
in  the  main  the  discussions  "have  borne  directly  on  the  elimina- 
tion of  noise  by  means  other  than  those  described  in  the  paper. 

The  noise  induced  in  a  telephone  circuit  by  the  paralleling 
power  circuit  is  usually  due  to  several  currents  of  various  fre- 
quencies, viz.,  the  fundamental,  third,  fifth,  seventh,  ninth,  etc., 
harmonics.  The  fundamental  is,  however,  from  the  standpoint 
of  noise  production,  practically  unimportant  as  compared  with 
currents  of  higher  frequencies.  Analyses  of  noise  currents  have 
indicated  the  presence  of  frequencies  from  50  cycles  up  to  2000 
cycles  and  more. 

The  telephone  speech  current  is  of  a  very  complex  character, 
being  a  combination  of  a  large  ntmiber  of  waves  of  different 
frequencies,  of  which  the  most  important  waves  lie  within  the 
range  of  the  noise-current  frequencies,  that  is,  between  200  and 
2000  cycles. 

The  detrimental  effect  of  noise  currents  on  telephone  conversa- 
tions increases  very  rapidly  with  the  frequency  up  to  a  point 
near  800  cycles  (which  represents  roughly  the  average  frequency 
of  voice  currents  and  at  which  point  therefore  telephone  appara- 
tus is  of  maximuip  sensitiveness).  For  higher  frequencies,  the 
effect  is  gradually  reduced.  Since  the  frequencies  present  in 
noise  are  also  those  present  in  speech  within  the  most  important 
range  of  the  latter,  it  can  be  seen  that  the  application  of  a  device 
in  the  telephone  circuit  whose  successful  action  is  based  on  the 
short-circuiting  of  the  noise  currents  to  the  exclusion  of  speech 
currents  is  not  generally  feasible. 

Mr.  Merwin  has  suggested  the  possibility  of  modifying  the 
Thompson  shunt  method  of  loading  so  as  to  short-circuit  the 
noise  currents  below  a  certain  frequency,  and  yet  obtain  the 
advantages  of  loading  for  all  higher  frequencies.    The  studies  of 
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TESTING   FOR   DEFECTIVE   INSULATORS  ON 
HIGH-TENSION  TRANSMISSION  LINES 


BY    B.    G.    FLAHERTY 


Abstract  of  Paper 

This  paper  discusses  the  importance  and  necessity  of  fit 
tests  on  high-tension  insulators  and  three  methods  of  maki 
such  tests,  viz.;  with  the  oscillator,  the  megger,  and  the  te' 
phone  receiver.  The  latter  is  described  in  detail,  and  sor 
data  given  on  its  development  and  use  on  a  fiO,000-volt  li 
in  western  Washington,  covering  a  period  of  2.5  years.  Labc 
atory  checks  on  13  of  the  defective  insulators  located,  are  give 
and  an  ap[)roximate  relation  established  between  the  te' 
phone  receiver  test  and  the  break-down  value  at  60  cych 
Success  of  test  is  shown  in  note  on  its  effect  on  operation. 

Figures  from  regular  routine  tests  show  percentage  defc 
on  various  lines,  and  cost  of  locating  and  replacing  defecti 
units  is  given  at  $1.13  each  (labor  only),  and  cost  of  testing  on 
was  2.3  cents  per  insulator  on  the  line. 

A  method  of  studying  the  rate  of  depreciation  is  outlined  ai 
some  data  given  in  illustration. 


Introduction 

MOST  of  the  literature  dealing  with  the  failure  of  insu 
on  high-tension  lines,  treats  almost  entirely  wit! 
question  from  the  point  of  view  of  imi)roving  the  quality  i 
future  insidator  by  various  means  of  manufacturing  \m\ 
ments  and  specifications  for  testing  before  ])utting  into  u 
the  line.  It  does  not  deal  to  any  considerable  extent 
methods  of  locating  defective  insulators  among  the  great  m 
already  in  service.  While  it  may  be  admitted,  without  que 
that  the  evolution  of  better  insulation  for  future  use  is  the 
important  need,  the  treatment  and  handling  of  the  large  qiu 
of  insulators  already  installed  should  not  be  neglected.  I 
this  problem  becomes  the  most  serious  one  to  the  operating 
both  from  the  standpoint  of  preserving  the  continuity  of  se 
and  of  conserving  as  much  as  possible  the  large  investmc 
the  stock  of  the  insulators  in  use. 

Formerly,    there   was  considerable   '^'- 
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the  majority  of  recent  opinion  seems  to  deny  the  depreciation 
per  se  and  attributes  failures  after  a  period  of  service  to  various 
causes;  such  as  inherent  faults  in  the  part  as  it  comes  from  the 
firing,  troubles  due  to  improper  cementing  together  of  parts, 
or  the  use  of  cemented-in  iron  pins,  causing  unequal  expansion. 
There  is,  however,  no  denial  of  the  fact  of  deterioration  of  the 
insulator  considered  as  a  unit,  i.e.,  failure  after  a  period  of  service. 
Undoubtedly  a  great  deal  can  be,  and  has  already  been  done  to 
improve  the  quality  of  the  porcelain;  and  by  laboratory  tests, 
to  weed  out  the  defective  units  in  the  process  of  manufacture 
and  distribution.  To  this  end  the  Transmission  Committee 
has  evolved  the  **  Specifications  for  Insulator  Testing  **,  dealing 
almost  entirely  with  factory  tests. 

More  important  to  the  man  now  operating  high-tension  lines 
is  some  means  of  locating  the  defective  insulators  he  already 
has  on  the  line,  thus  affording  him  an  opportunity  to  improve 
his  factor  of  safety,  and  to  preserve  continuity  of  service,  to 
which  insulator  failures  have  been  in  the  past  such  a  menace. 
Such  a  device,  or  devices,  should  be  cheap,  both  as  to  first  cost 
and  as  to  methods  of  use;  and  should  be  reliable  within  practical 
limits.  Too  much  expense  either  in  first  cost,  or  labor  involved, 
could  not  be  put  into  this  class  of  work  without  approaching  the 
point  where  it  would  be  more  economical  to  put  in  new  insula- 
tion throughout.  As  yet,  only  three  methods  of  testing  insula- 
tors already  in  use  on  the  line  have  been  suggested ;  the  oscilla- 
tion transformer,  the  megger  system,  and  the  use  directly  of  the 
telephone  receiver. 

The  use  of  the  oscillation  transformer  is  recommended  by 
Prof.  E.  E.  F.  Creighton  and  clearly  outlined  as  to  connections 
and  adaptation  in  the  Transactions  of  the  A.  I.  E.  E.  (Vol. 
XXXIII,  1914,  p.  1122).  The  data  given  in  the  discussion  indicate 
that  it  is  very  satisfactory  as  a  high-frequency  test  and  capable  of 
being  made  very  severe.  Its  availability  and  simplicity  as  a 
laboratory  method  for  new  insulators  or  those  that  have  been 
removed  from  the  line  is  evident;  but  its  adaptability  to  serv^ice 
in  the  field  is  not  so  evident,  presenting  many  difficulties.  In 
the  first  place,  in  testing  insulators  on  a  line  in  actual  service, 
it  would  be  necessary  to  take  the  line  out  of  service  during  the 
period  of  test;  or  to  remove  a  quantity  of  insulators  from  the 
line,  crate,  transport,  uncrate,  test  and  replace  on  system, 
making  the  test  prohibitive  in  cost.  Also  in  attempting  field 
work,  a  considerable  crew  would  be  required  to  handle  and 
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operate  the  apparatus  and  to  make  connections  to  each  indivi- 
dual insulator,  removing  the  line  wire  for  the  test.  Another 
difficulty  would  be  the  source  of  current  for  the  testing  apparatus 
at  all  points  of  the  line.  These  difficulties  make  the  method  im- 
practicable for  field  work. 

The  megger  test  has  become  so  commonly  used  throughout 
the  country,  especially  on  suspension  insulator  work,  that  it 
needs  no  description  here.  Mr.  T.  A.  Worcester  (General  Elec- 
tric Review,  June,  1914,  page  600)  gives  a  thorough  statement 
of  the  uses  and  limitations  of  this  means  of  locating  defective 
insulators.  His  main  deduction  is  that  it  is  not  unconditionally 
reliable,  being  primarily  a  measure  of  the  resistance,  which  may 
be  practically  "  infinity  "  on  a  broken  or  punctured  insulator 
unless  contact  is  made  directlv  with  the  defect  and  the  latter  is 
made  conducting  by  the  application  of  moisture.  Another 
objection  to  the  use  of  the  megger  for  this  purpose,  is  the  neces- 
sity of  "  killing  "  the  line  under  test  for  considerable  periods 
and  the  use  of  a  crew  of  men  to  make  connections  and  remove 
the  line  wires  from  the  insulators.  It  seems  more  particularly 
adaptable  to  testing  the  separate  units  of  suspension-type  in- 
sulators. 

The  use  of  the  telephone  receiver  in  the  detection  of  defectiv^e 
insulators  is  mentioned  by  Mr.  M.  T.  Crawford  (Trans.  A.I.E.E., 
Vol.  XXXIII,  1914,  p.  1433),  and  it  is  with  the  develop- 
ment and  use  of  this  method  that  the  present  paper  has  to  deal. 
Mr.  P.  H.  Thomas  (page  143,  same  volume)  says,  **  We  must  find 
some  way  of  detecting  bad  insulators.  That  can  partly  be  done 
by  tests,  but  we  need  a  few  new  tests."  If  it  can  be  shown  that 
the  test  is  reliable  to  a  reasonable  degree,  it  is  evidently  the 
most  ideal  method  yet  suggested,  in  that  the  actual  testing  can 
all  be  done  by  one  lineman  of  reasonably  good  judgment  and 
hearing,  and  also  without  any  interference  with  the  operation 
of  the  line,  i.e.,  the  test  is  made  at  line  voltage  and  frequency. 

Apparatus  and  Use 
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cases  of  defect.  Where  greater  sensitiveness  is  required,  the 
two  thousand  ohm  wireless  set  shown  in  the  illustration  is  found 
to  give  the  best  results,  with  the  two  units  connected  in  parallel. 
The  flexible  cord  used  for  connections  is  fastened  by  a  small 
nut  to  the  lineman's  spur  at  one  end,  this  serving  as  the  ground 
terminal ;  and  by  a  double  connector  to  the  large  stiff  wire  run 
through  the  bamboo  stick  and  sharpened  to  a  point  for  contact- 
ing to  the  pole;  i.e.y  shunting  a  portion  of  the  current  flowing 
in  the  pole,  through  the  receivers  to  ground.  This,  with  the 
lineman's  spurs  and  belt  and  proper  notebook  constitutes  all 
the  equipment  necessary  for  locating  defective  insulators  on 
pole  lines  using  pin- type  insulators.  For  use  on  steel  tower 
lines  using  pin-type  or  suspension  insulators  the  modifications 
are  slight,  looking  more  toward  the  safety  and  protection  of 
the  observer  than  anything  else.  The  upper  terminal  is  extended 
to  a  miniature  wireless  antennae,  either  in  the  form  of  radial 
spokes  of  a  wheel,  or  a  circular  plate,  and  is  used  to  explore  the 
electrostatic  field  in  the  neighborhood  of  the  insulator  instead 
of  measuring  the  actual  current  flowing  over  and  through  the 
insulator.  Slightly  greater  sensitiveness  is  necessary  for  these 
cases  and  a  higher  resistance  receiver  with  the  units  connected 
in  series  is  recommended.  The  principal  difficulty  with  this 
method  is  in  protecting  the  operator  from  accidental  contact 
with  the  high-tension  wires.  This  is  accomplished  by  covering 
the  terminal  with  an  inverted  basket  of  wooden  strips  of  dimen- 
sions sufficient  to  give  proper  clearance  of  four  times  the  needle- 
gap  spark  value  for  line  voltage  to  ground. 

Two  qualifications  are  necessary  to  the  successful  observer 
at  this  work;  first,  that  he  should  be  a  good  lineman,  capable 
of  going  up  and  down,  and  working  on  the  pole  or  tower  near 
high-tension  lines  with  quickness,  steadiness,  and  assurance; 
and  second,  he  should  have  good  hearing.  It  is  not  especially 
important  that  he  should  be  a  technically  trained  man,  although 
a  little  laboratory  training  and  knowledge  of  electrical  phe- 
nomena will  help  him  considerably  in  the  interpretations  of  the 
various  sounds  he  will  find  throughout  his  experience  of  this 
work.  The  ordinary  first  class  lineman  of  average  intelligence 
can  be  taught  by  example  to  use  the  set  and  give  a  first  rate 
judgment  of  defects  indicated,  in  a  few  minutes  time.  Scientific 
truthfulness,  i.e.,  the  faculty  of  setting  down  results  as  they 
actually  come  to  him  rather  than  as  he  believes  he  should  get 
them,  is  also  an  important  requisite.     Absolute  accuracy  in 
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keeping  the  records  of  the  test  is  imperative  if  it  is  to  be  of  any 
value  in  eliminating  the  defective  insulators  afterwards.  Ordi- 
nary surveyor's  field  books  are  found  to  be  most  serviceable 
in  use  over  the  varied  country  which  most  transmission  lines 
follow.  The  inspector  in  traveling  along  the  line  sets  down  the 
pole  number  and  the  result  of  the  test  on  the  ground.  Four 
degrees  of  defect  or  leakage  are  arbitrarily  assumed,  nam.ely, 
zero,  first,  second  and  third.  The  judgment  of  the  observer 
must  be  depended  upon  to  place  properly  the  sounds  heard. 
If  the  pole  test  indicates  zero  leakage  it  is  not  necessary  to  deal 
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Pole  No. 
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No.  2 

No.  3 
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87 

3 

3 

3 

1 

Date:  4-10-16 

89 

0 

Observer  :McGandy 

91 

1 

0 

1 

0 

Weather:    Fair,  clear 

93 

0 

Ground:  Moist,  tide 

95 

0 

flat  level. 
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0 

Climbed  as  check  on  former  test 
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0 

27 

0 

29 

0 

31 

0 

33 

0 

Gardcnvllle  Station. 

Fig.  2 


further  with  that  one.  If  any  leakage  is  heard,  the  inspector 
proceeds  up  the  pole  and  tests  to  each  insulator  pin,  or  slides 
the  point  out  along  the  crossarm  or  up  the  pole  top  if  apprehen- 
sive of  danger  from  too  bad  an  insulator.  Beginning  at  the  left 
hand  crossarm  position,  and  looking  in  the  direction  in  which 
the  line  is  numbered,  the  insulators  are  numbered  clockwise 
over  the  pole  top  in  the  case  of  equilateral  construction.  In 
vertical  construction  they  are  numbered  from  bottom  to  top. 
If  more  than  one  insulator  supports  the  wire  in  each  position  on 
the  pole  or  tower,  the  respective  units  are  given  sub-letter  des- 
ignations, as  1-a.  1-b,   for  double  construction.     Fig.  2  shows 
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b  *amipl<  [>itnf  fn»ni  tlie  standard  note  book  used.  Only  one  man 
«:  iK>«sMr>  for  this  work,  but  the  practise  so  far  has  been  to 
oenA  aion>;  a  hcIpiT  who  is  ready  to  climb  to  the  other's  assist- 
srK*  in  jSii  rmiTKcnrv .  and  this  man  can  expedite  the  work  con- 
sidoraM?    1^   k<v|)inK  Xhc  record. 

\Vt\nhvt  .niiililinns  havt'  considerable  influence  on  the  testing 
n-,irk  lluoiii:li  ihi'ir  vfTect,  both  on  the  insulator  itself,  and  the 
\\Aitl>">;  .I'liilitiiiiis  iif  the  test  apparatus.  Rainy  or  fogg^- 
\\»NHhcr  iturvMM'S  the  leakage  over  the  insulators,  especially  if 
ilu'iv  !■■  .1  iK'pusU  of  dust,  smoke,  or  other  foreign  matter,  to  such 
,\n  iaU'hI  III, it  the  exercise  of  a  good  deal  of  judgment  on  these 
I'lUvl--  iH  (H'l'i'swiry  in  testing  to  keep  from  condemning  a  great 
in.iii\  K"«'d  Hisulator  units.  If  rain  is  falling  it  is  impossible  to 
ii-.v  llu'  ti'"iling  .'*ct,  as  the  drops  about  the  head  and  receivers 
.lull  i^ul  nil  other  sounds  effectually;  and  work  on  "  bad  " 
iii-.iiliiliirN  uti  the  pole  top  becomes  literally  "  hair-raising  ". 
I  111'  iilfiil  lime  to  make  this  sort  of  test  is  when  the  sky  is  clear 
i.iid  llir  II I  HI  lid  slightly  moist  underfoot  to  adord  a  good  ground 

Thbory  of  Action 
t  Ik'  ill  f  nssinn  uf  the  theory  of  action  here  advanced  is  based 
1. 11  ilir  |Hii-typc  insulator  on  wooden  poles,  but  may  be  adapted 
ii.  I  111- 1.1 1 uT  cases.  The  pin-type  line  insulator  may  be  considered 
.1.  :i  ri'sistance  shunted  by  a  number  of  small  condensers  con- 
1.1 1  (.il  lieiween  the  line  wire  and  ground,  and  some  idea  of  the 

uniiude  of  the  currents  flowing  in  such  circuit  may  be  ob- 

t,iiin'l  from  measurements  already  published.  Just  to  show  that 
(111-  Msisiance  comiionent  uf  the  current  over  the  insulator  from 
hill'  n.  ground  is  of  an  aiipreciable  value  for  measurement  in 
I  hi'  (ek'iihonc  receiver.  Mr,  Ralph  D.  Merslion  may  be  cited 
i\'iil,  .WVII,  Trans.  A,  I.  E.  \'..)  as  giving  the  power  loss  i>criii- 
■,iil;,tor  as  beuvcen  II)  and  T-".  waits  at  ."ill  kilovolts,  l-'rom  this 
It  is  rcailily  seen  that  ihc  ctTeetivc  value  is  sufliciently  large  to 
j;ivi'  cnnsiik-riiUlc  indication  at  (iO  cycles,  a-c.,  in  an  (>rdinar\' 
receiver.  « liich  is  .-icnsitivc  to  a  millionth  of  an  ampere.  Some 
iikM  of  the  relative  magnitude  of  the  cajiacity  eomponeiiL  mav 
he  obt^iincd  from  Mr.  Edward  Bennett's  statemciU  (A,  I,  E.  E. 
'rK.\Ns,  Vol.  XXXIII,  11,  1127)  of  the  capacity  of  a  4U-kv.,  ihree- 
peLliciial  insulator  at  about  2  X  II)""  farads,  giving  a  current 
on  a  thrcc-ijhase,  4()-k\-,  system  of  the  order  uf  2  X    10  '    am- 
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the  resultant  current  through  the  crossarm  and  pole  to  ground, 
it  is  seen  that  an  effective  current  of  the  order  of  3  X  10~*  am- 
peres is  obtained  through  the  Comparatively  low  resistance  re- 
ceiver. This  means  a  maximum  variation  of  current,  positive 
to  negative,  of  2  V2  X  3  X  10-*  or  8.5  X  10"*  amperes  in  the 
complete  sine-wave  cycle. 

Over  the  perfectly  good  insulator  this  current  is  audible  in 
the  telephone  receiver  as  a  clear  musical  tone  of  the  same  pitch 
as  the  line  frequency.  If  however,  there  is  any  defect,  such  as 
a  crack,  or  a  punctured  petticoat,  the  leakage  path  is  shortened, 
the  capacity  is  changed,  and  the  volume  of  sound  increased  con- 
siderably. If  the  defect  is  at  all  serious  at  the  impressed  voltage, 
a  brush  discharge  effect  becomes  audible  in  the  receiver  as  a 
scratching,  spitting  sotmd  characteristic  of  such  phenomena, 
before  any  evidence  of  it  is  given  to  the  unaided  eye  or  ear.  On 
an  ungrounded  delta  system,  this  sound  can  be  heard  to  fluct- 
uate as  the  neutral  shifts  toward  or  from  the  wire  on  the  in- 
sulator under  test. 

The  range  of  sound  and  variations,  from  the  perfect  insulator 
to  the  dangerously  defective  one,  is  very  considerable,  and 
capable  of  being  subdivided  into  many  more  than  four  degrees 
selected,  though  they  seem  sufficient  for  all  practical  work.  If 
more  than  one  petticoat  of  a  60,000-volt,  four-part  insulator  is 
defective,  the  noise  of  the  brush  discharge  becomes  so  intense 
that  it  is  unmistakable,  though  perhaps  inaudible  to  the  ear. 
alone . 

Many  curious  phenomena  will  present  themselves  to  the  ob- 
server who  spends  any  time  at  this  work,  which  can  only  be 
mentioned  here,  but  may  be  used  in  further  development  or  use 
of  this  same  test.  For  instance,  definite  knowledge  of  the  exact 
time  of  "  killing  "  or  *'  making  the  line  alive  "  may  be  had  by 
simply  listening  in  the  usual  way  at  the  bottom  of  the  pole. 
Any  disturbance  on  the  transmission  line  is  clearly  audible  in 
the  test  set,  and  the  charging  of  lightning  arresters  miles  away, 
is  heard  as  distinctly  as  though  near  by.  If  considerable  capac- 
ity is  present  on  the  pole  top,  through  a  number  of  insulators 
in  parallel,  an  overtone  of  a  very  much  higher  pitch  than  the 
fundamental  becomes  audible,  which  is  probably  due  to  the 
presence  of  a  higher  harmonic. 

No  difficulty  seems  to  be  encountered  by  various  observers 
in  grading  the  sounds  as  to  leakage  indicated,  though  there  may 
be  a  difference  of  one  degree  set  down  in  the  record  by  different 
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(xtrikons  wh'.-n  near  the  dividing  line  betwe«i  two  decrees.  This 
H  dt:|tfcii>l';nt  (in  the  judgment  of  the  individual,  and  experience 
IS  the  mirst  valuable  instrucior  in  grading  the  defects  accurately. 

Checks  op  XIethod 
The  inclination,  and  institution  on  the  Pucel  Sound  Traction. 
Li;<ht  Sc  Power  Company  lines,  of  this  s>-siem  of  testint;.  in  the 
sprin;;  and  summer  of  iyi4.  folloxced  a  series  of  particulariy 
severe  inierruptions  to  ;er\ice  dunni:  ihe  winter  of  1913-14,  due 
almost  entirely  to  insulator  failures  on  Ihat  portion  of  the  svstem 
which  had  fjeen  operaiini;  ai  fiU.OOO  %olls  for  about  ten  veais. 
The  e:Tects  of  the  apparently  imreasing  number  oi  failures  wer« 
so  annoying  and  ctimulativeh-  destructive  that  some  n^eihod 
of  iocatinj;  the  dangerous  units  became  imperative  A  number 
of  tests  '.vere  made  on  the  defective  insulators  with  a  me^Ker,^ 
but  no  satisfactory-  results  could  be 
obtained  as  it  was  necessar\-  to 
actually  find  the  flaw  in  the  porce^ 
lain  and  then  moisten  it  before  any  _ 
indication  of  less  than  infinite  resis- 
tance cuuid  be  ^:otten.  A  j;reat  deal  - 
of  :jre!iininar\-  experimentation  was 
done  with  the  telephone  receiver  also. 
iitrore  it  was  adopted  as  a    routine 

^b.    in;   ^i^H-il-a    us,  ^^^^    U-HluH-V0LTAC.E 

.As    a    [irelimmary    check    on    the  Tl~t 

iic'.ura <_■;.-.  a  ;"ple  was  selected  on  one 

o:  :;ic  ;iRL-<  that  had  ,t'iven  must  trouble  iluriiiL:  the  previous 
-.'.inter,  v.  i-.i^.n  <-arncil  insulator^;  indicati::.  in  ihi-  test  set 
:■.'.'.  thrcf  'It-^'Oc^  '-i  k-aka;;e,  as  ir.cntioned  al»,>\'e.  These  throe 
iniMlav.ri  v.rre  rc;i:<ivcil  from  the  line  and  taken  to  tlie  White 
Ri-.i;r  ■.■tr:-.';r:=;in„-  >-.;.-.:un.  where  a  teniixinirv  liii;h-voltaj;e  test 
-I.-.  -.■..!;  rij.el  ii\<  '■■.::  ',i  tr.e  appar-ttus  available.  The  insulators 
■.VL-rc  kc:>t  a-  7ic^;rly  a.s  pussible  in  the  sair.e  conditii-'U  as  on  re- 
:tt/.:.;  f--:n  tV.L-  lir:,;,  and  but  a  sh.ir:  tiniv.  perhaps  a  couple  i.f 
h'jurv  '.iaT.-ol  tintii  the  high  vulLa:-;o  was  applied  to  tliem. 

Tht  a;-:.arafas  used  consisted  o:  a  oU.UlAl-volt  oil-testing 
tra:-.if'..rnx-r  and  a  -iO.IWO-volt.  lOO-watt  pioiential  transformer 
C'..nrif, '.v!  :t;  ~<.r\^~  rin  tl;e  Ini^h  '.L-nsion  side,  wnh  ;!:o  common 
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A  new  three-part  suspension  insulator,  hung  from  the  ceiling, 
carried  one  terminal  of  the  set  and  the  insulator  under  test  was 
suspended  by  the  pin  from  this  point.  To  a  piece  of  line  wire 
fastened  to  the  test  insulator  head  with  fine  copper  wire,  was 
carried  the  other  high-tension  lead.  A  diagram  of  the  connec- 
tions is  shown  in  Fig.  3,  and  the  results  of  the  application  of 
high  voltage  in  Table  1. 

TABLE  I. 
PRELIMINARY    HIGH-VOLTAGE    TEST  AT   WHITE  RIVER.  JULY  1,  1914. 

Insulators  taken  from  Pole  No.  1739,  Tacoma  No.  1. 


Tel.  test 

V'olts  at  breakdown 

Ins.  No. 

degree  leakage 

from  trans,  ratio 

3a 

3 

63500 

3b 

2 

84.'>00 

La 

1 

Did  not  break  down  but  showed  distress 
full  voltaKC  obtainable. 

at 

The  maximum  e.m.f.  obtainable  from  the  induction  regulator 
for  the  secondaries  of  the  transformer  series,  was  175  volts, 
giving  87,500  volts,  (trans,  ratio  500:1)  on  the  high-tension 
side;  if  the  effect  of  a  possible  phase-angle  difference  in  the  two 
transformers  were  neglected.  While  not  regarded  as  a  rigid 
check,  this  test  was  considered  a  practical  demonstration  of  the 
utility  of  the  telephone  receiver  for  locating  defective  insulators. 
It  was  felt  that  the  argument,  that  the  chosen  insulators  failed 
at  a  voltage  at  least  not  any  greater  than  the  values  given, 
would  hold;  and  that  while  further  use  would  give  more  data, 
the  test  would  be  sufficiently  reliable  to  put  into  use  at  once  in 
clearing  the  transmission  lines  of  the  worst  cases  of  defective 
insulators.  A  com[)lete  test  was  therefore  run  on  two  of  the 
older  lines,  Tacoma  No.  1  and  Seattle  No.  1,  and  the  poor  in- 
sulators taken  off  immediately  afterwards. 

No  other  source  of  e.m.f.  higher  than  60,000  volts  was  avail- 
able in  this  section,  than  the  rough  set-up  described  above,  until 
the  placing  in  service  of  the  20  kv-a.,  200,000/22()-volt  testing 
transformer  at  the  University  of  Washington,  built  by  Messrs. 
Dodds  &  Dashley  in  1915.  Through  the  courtesy  of  Dr.  C.  E. 
Magnusson  and  the  University  of  Washington,  the  use  of  this 
transformer  and  the  facilities  of  the  university  laboratory  were 
offered  in  checking  up  the  results  of  the  test. 

A  group  of  insulators,  ten  in  number,  was  selected  from  those 
found  leaking  in  a  test  with  the  telephone  receiver  on  the  after- 
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auao  of  Fehnmo"  17.  t»I«.  On  February  18th.  these  were 
-enawed  fniin  the  line,  ami  on  Febnian-  19th,  were  transported 
bv  automobile  to  the  rniversity  of  Washington  laborator\'  and 
tested  to  coiiiplclc  breakdown-  The  comparative  results  of  the 
-wc  tests  are  Kiveii  in  Table  2.  The  current  to  energize  the 
^rutsformer  was  obtHiiicd  from  an  alternating-current  generator, 
wiiL^c  voltaic  VTAVC  hiui  previously  been  determined  to  be  very 
Affe  W  the  true  sine  curve.  This  machine  was  run  by  a  10-h.p. 
motor  at  a  speed  Kivinu  close  to  sixty  cycles,  and  the  voltage 

j<aerator)  was  controlled  by  varying  the  field  of  the  d-c. 
ivtvimo  used  as  an  exciter  for  the  a-c.  generator.  E.m.f.  was 
■ojeAsuTed  from  an  instrument  coil  in  the  low-tension  winding 

^  the  iransfonner  and  the  high-tension  voltage  calculated  from 
-Viuni  ratio  (10,000:1).  Since  the  test  the  high-tension  voltage 
■i»i  been  checked  by  means  of  a  sphere  gap  and  found  to  be 
•bout  1*200:1  in  the  neighborhood  of  100,000  volts. 

TABLE    II 
COMPARISON    OF    TESTS 


r^"" 

__— 

Tel, 

Bttilidown 

at,  U.  Df  W 

3/19/ia. 

]ni. 

■mii 

Brush  d 

Khitge 

Breakdown 

M. 

N„, 

T=sl. 

Vr 

u 

Vo 

f""™»" 

Turn 

Sph=« 

Turn 

Sphtre 

Ituijttured 

TiLlil 

t»v 

rmio 

gup 

■le*-'- 

"~j~ 

3rd 

80,000 

73.600 

11)4.000 

95.T00 

l8l.   2nd.   3td 

iKi^i 

2 

84.000 

Uli  and!   3rd 

WB3 

and 

iaa.zoo 

and 

MO.UOO 

T3.aoo 

iie.oou 

3709 

100,000 

Ut.  2nd 

M7I1 

i 

:ird 

7U.UO0 

70.CK)0 

S4.OO0 

SB.^iOO 

lit,  2nd.  3rd 

3tJ 

.u.aoo 

98.000 

Isl.  2nd.  3rds 

27:i7 

Isl.  2nd.  3rd 

'JS 

; 

■l"l 

7.1,  WW 

69,1X10 

80.000 
120,000 

73,800 

1st,  2iid.  3rd 

111  considering  the  results  of  this  test  and  comparing  with 
those  of  the  preliminary  check,  there  are  several  chanj^jes  in  con- 
ditions to  be  taken  into  account,  chiefly  effects  due  to  weather. 
The  insulators  removed  for  the  latter  were  tested  during  damp 
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very  warm,  fair  day  in  July  and  high  voltage  applied  to  the  in- 
sulators soon  afterwards.  The  searching  out  effect  of  the  mois- 
ture on  the  insulator  faults  in  the  former  case  being  so  much 
greater  in  the  receiver,  a  change  being  made  in  the  observer, 
and  the  increasing  severity  of  requirement  in  grading  the  leakage, 
all  being  taken  into  consideration,  the  apparent  discrepancy 
between  the  two  tests  does  not  appear  to  be  so  great. 

Three  important  points  are  to  be  noted  in  the  results  obtained ; 
first,  that  all,  except  one,  of  the  insulators  rated  at  second  and 
third  degree  leakage  chosen  for  the  test  failed  at  double  the 
rated  insulator  voltage  (60,000  volts)  or  less;  second,  the 
effect  of  the  location  of  the  punctured  petticoats,  i.e., 
whether  top,  middle  or  bottom;  and  third,  that  every  one 
selected  by  the  test  set  as  of  second  or  third  degree  leakage 
shows  one  or  more  defective  parts.  Evident  distress,  shown  by 
the  beginning  of  the  brush  discharge,  at  or  near  the  rated  voltage 
of  the  insulators  should  also  be  noted.  If  we  accept  the  state 
law  requirements,  not  one  of  the  entire  group  would  be  con- 
sidered a  satisfactory  insulator  on  test,  as  every  one  punctured 
or  flashed  over  at  less  than  two  and  one-quarter  times  line 
voltage. 

By  scrutiny  of  the  results  it  is  possible  to  place  an  approximate 
upper  limit  of  puncture  value  for  the  third-degree  leakage  in- 
sulator near  one  hundred  thousand  volts;  and  a  consequent 
like  lower  limit  for  the  second  degree  insulator,  though  of  course 
in  the  very  nature  of  the  test  there  is  no  sharj)  dividing  line 
between  any  two  consecutive  degrees.  It  was  not  jjossiblc  to 
test  insulators  of  lower  than  second-degree  leakage,  on  account 
of  the  temporary,  makeshift  nature  of  the  terminals  in  use  at 
that  time  on  the  testing  transformer,  rendering  it  impracticable 
to  go  above  135,000  volts.  The  installation  of  permanent  con- 
denser terminals  will  later  render  an  extension  of  the  check 
possible.  Note  should  be  taken  also  of  the  fact  that  all  the 
second-degree  and  highest  puncture  value  insulators  were  those 
one  or  more  of  whose  widest  flaring  petticoats  were  not  punc- 
tured, but  flashed  over.  A  view  of  the  type  of  insulator  dis- 
cussed in  this  test  is  shown  in  Fig.  4,  cemented  on  a  25-in. 
(10  cm.)  galvanized  iron  pin,  as  all  were. 

Results  Accomplished 


•xll.ATDR    rESriifC 


iS<-pt.< 


,  .\i.  t  iniiii  Simmer  to  the  city  iimiis  of  Seattle; 
'.<•  1  hum  Sii"ini-r  to  Tacoma  city  limits.  Only 
ii'iiniKtil  UK  lhird-(kgree  leakage  were  replaced, 
iiiiinl  i'*  lcn>t  '"T  all  degrees  for  further rlata  on 
[11  iiitiiiii  In  April  and  May.  19I-i,  a  se<xind  test 
lit-Hf  ItitC!*,  ami  the  third  annual  test  was  made  in 
1  March.  UHH.  a  test  n'as  also  made  on  two  pole 
inner  tn  Klectron.  a  distance  of  eighteen  miles. 
liitiulatE^d  summation  of  above  mentioned  tests. 


aci 

<■<«. 

Znd 

dW. 

M 

dfg. 

Cl«t 

r  .'■. 

Pa 

Pm 

P,r 

P« 

Kd. 

iMll 

Ko. 

<eo( 

Nt> 

No.        CtDl 

I,,...,..  '.     1 

ITtfl 

tin 

5!t3 

LIS 

S  n.i 

316 

124.)      72  S 

-'-'"'  ■■■■    ' 

3MB 

?i* 

1915 

1  u 

£9 

0  89 

3302      »70 

3V& 

«Z 

?* 

a  0 

3110      M  5 

rifl 

85 

60 

»i 

11- 

1  0 

ISW      90a 

a6Jo 

73 

Bj 

3  U 

iin 

3  Be 

2430      91  0 

' 

i»  ij 

1"-. 

£  4« 

2M 

2  8 

24.=! 

4   S 

4547  1  sa 

46.1 

268 

3  fl6 

1^0 

2  8 

9458  1  90  a 

\  1 
\     1 


till.  1  il  r  (.  >  tv  III  till,  t  )mplete  operation  of 
111  tK  ^)  dilwtnt.  insulators  im  Tacoma 
i  u  t  iiiiIl     iih!  1    litre  prcsL-iited. 


lint  insul  iti  n  bet  mii-.  better  the  costs  will 
in  1  Mce  \er';a  1  lit  the  average  cost  of  test- 
tn  cent'-  per  pole  )\cr  all  kinds  of  countrj', 
n  conditicns  on  lines  m  operation. 
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In  conclusion  should  be  given  some  data  on  the  success 
attained  in  the  elimination  of  troubles  due  to  defective  insu- 
lators, but  this  material  is  not  in  shape  just  now  for  presenta- 
tion in  definite  form.  The  fact  stands  forth,  however,  that 
whereas  in  1914  any  ground  on  the  system,  arcing  or  otherwise, 
resulted  in  numerous  insulator  failures,  burning  off  poles  and 
crossarms,  and  even  burning  through  No.  0000  copper  line  wires 
on  the  lines  mentioned  above;  since  that  time  there  have  been 
only  two  cases  of  destructive  insulator  breakdown  on  these  lines. 
The  first  one  of  these  was  on  Thanksgiving  Day,  1915,  and  was 
apparently  due  to  a  direct  stroke  of  lightning,  which  stripped 
every  bit  of  porcelain  out  of  a  three-disk,  dead-end  insulator 
on  a  river  crossing  tow^er  at  Orting  on  Electron  No.  1  Line, 
leaving  the  pole  top  wire  connected  directly  to  the  pole  by  the 
inter-linking  hardware;  and  broke  down  a  pin-type  insulator 
on  the  same  wire  four  miles  north  of  Orting,  literally  blowing 
the  top  of  the  insulator  clear  of  the  pin.  Despite  the  fact  that 
one  line  wire  between  Renton  and  Kent  lay  on  the  ground  for 
some  time  until  burned  off  above  arcing  distance,  no  other  in- 
sulators on  the  tested  line  failed  under  the  severe  strain,  although 
on  other  lines  not  tested  quite  a  number  did.  The  second  case 
of  failure  was  February  2,  1916,  on  Tacoma  No.  1,  during  the 
very  severe  sleet  storm  of  that  period  and  was  caused  by  trees 
growing  near  the  line  bending  over  under  the  sleet  load  and 
grounding  one  wire  numerous  times  at  short  intervals.  It  is 
also  to  be  taken  into  account  that  the  last  two  years  have  been 
a  period  of  more  severe  storms,  especially  of  lightning  and  sleet, 
than  have  been  known  in  this  district  for  many  years. 

Depreciation  Data 
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Discussion  ON  "Testing  for  Defective  Insulators  on 
High-Tension  Transmission  Lines"  (Flaherty), 
Seattle,  Wash.,  September  6,  1916. 

Harris  J.  Ryan:  The  purpose  of  the  author  is  primarily 
to  lessen  the  operating  troubles  that  are  caused  by  the  deterior- 
ation of  insulators.  The  elimination  of  the  deterioration  of 
insulators  will  require  much  effort  and  time,  and  until  it  is  accom- 
plished, the  transmission  engineer  must  value  highly  a  method 
that  enables  him  to  have  a  defective  insulator  located  before 
it  causes  an  interruption.  In  the  meantime  he  has  an  intense 
interest  in  the  discovery  of  the  causes  of  such  deterioration  and 
their  avoidance.  Doubtless  some  deterioration  of  porcelain 
high-voltage  line  insulators  may  be  due  to  defects  in  design 
or  construction,  though  from  the  evidences  at  hand  most  of 
the  deterioration  that  is  going  on  is  due  to  defective  porcelain. 
From  the  ceramist  we  learn  that  it  is  difficult  to  make  electrical 
porcelain  which  is  altogether  non-porous,  and  from  the  geologist, 
that  earth  products  to  be  mechanically  strong  and  durable 
under  the  action  of  the  elements,  must  be  highly  refractory 
and  impervious  to  moisture.  In  one  instance  the  deterioration 
of  more  than  a  thousand  suspension  insulator  units  manufac- 
tured eight  years  ago  was  one  and  a  half  per  cent  for  their  first 
six  and  one  half  years  of  service  on  a  100-kv.  line.  In  another 
case  more  than  a  thousand  units  were  bought  and  stored  in 
the  open  four  years  ago.  By  tests  made  on  them  during  the 
past  summer,  five  per  cent  were  found  by  the  megger  to  have 
failed,  and  fifteen  per  cent  failed  to  withstand  the  one-minute 
flash-over  potential  test.  It  is  reasonably  certain  that  design 
and  construction  can  account  for  but  a  small  portion  of  the 
great  difference  in  the  number  of  failures  th^t  occurred  in  these 
two  lots  of  insulators.  It  is  also  reasonably  certain  that  the  denser 
structure  of  the  porcelain  in  the  older  insulator  was  largely 
responsible  for  their  few  failures. 

Finally  it  appears  that  if  such  a  material  as  fused  quartz 
could  be  cast  into  insulator  forms,  a  decided  improvement  in 
insulator  practise  should  result.  Fused  quartz  is  a  thoroughly 
vitrified  material  that  is  dense,  tough  and  refractory,  requiring 
no  annealing. 

L.  T.  Merwin:  I  would  like  to  commend  for  experimenta- 
tion a  method  that  might  lead  to  results  possibly  cheaper  in 
some  instances  than  this  method  outlined  in  the  paper.  A 
year  ago  I  had  occasion,  in  experimenting  with  a  wireless  re- 
ceiving set  which,  as  some  of  you  know,  we  use  regularly  as  a 
means  of  dispatching  on  our  transmission  line  between  the  City 
of  Portland  and  the  power  station  on  the  White  Salmon  River, 
to  find  out  whether  it  would  have  any  application  to  the  dis- 
covery of  weak  insulators.  We  noticed  that  intermittent  dis- 
charges were  coming  in,  that  could  not  be  attributed  to  any 
nearby  wireless  station.  We  believed  that  some  of  them  came 
from  defective  insulators,  and  further  tests  proved  that  to  be 
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the  fact.  I  have  not  had  the  time  to  continue  the  experiments, 
and  I  simply  offer  them  for  what  I  believe  to  be  a  very  profitable 
line  of  experimentation.  It  is  as  follows:  Take  an  ordinary 
audion  receiver  set  of  the  De  Forrest  pattern,  with  a  high  re- 
sistance head  set,  and  if  the  line  is  along  a  highway  sit  in  your 
car  with  a  wire  fastened  to  a  bamboo  pole,  say,  of  six  or  eight 
feet  in  length,  with  the  bulb  ready  for  action  and  the  receivers 
at  your  ears.  Drive  along,  and,  as  you  do  so,  you  will  hear 
the  characteristic  hum  of  the  transmission  frequency  with  its 
harmonics,  and  if  you  pass  any  insulators  that  are  defective  in 
such  a  way  that  transient  discharges  are  taking  place,  you  will 
hear  the  characteristic  scratch.  I  have  not  carried  the  experi- 
ment far  enough  to  know  how  conclusive  the  determinations  are, 
but  when  driving  along  a  line  at  the  rate  of  15  miles  an  hour,  you 
would  not  fail  to  hear  any  oscillatory  discharge  in  an  insulator. 
It  would  certainly  be  a  much  more  rapid  means  of  discovering 
broken  down  insulators  than  any  other.  Now,  having  once 
discovered  a  pole  with  a  broken  down  insulator,  whether  the 
means  that  I  am  mentioning  will  be  effective  in  definitely  lo- 
cating which  insulator  it  is,  I  do  not  know.  I  talked  with  Mr. 
Crawford  last  year  about  it,  and  it  is  quite  possible  that  he  has 
made  some  experiments  with  this  method.  Whether  it  will  be 
effective  in  finding  defective  insulators  on  steel  tower  lines,  I 
do  not  know,  but  I  belive  it  is  a  means  that  is  well  worth  investi- 
gation. I  might  mention  one  little  instance  that  came  up  in 
my  experiment:  In  driving  along  at  a  rate  of  approximately 
15  miles,  I  heard  the  scratch,  and  stopped  the  machine  and  got 
out  to  locate,  as  nearly  as  I  could,  the  pole  that  had  the  defec- 
tive insulator.  By  moving  the  antenna  wire,  which  we  will  call 
this  little  wire  fastened  to  the  eight-foot  pole,  back  and  forth, 
I  finally  located  the  trouble  on  an  adjacent  powxT  system  some 
four  blocks  awav,  so  I  do  believe  that  the  method  has  merit. 

E.  A.  Loew:  Notwithstanding  the  fact  that  all  insulators 
are  reputed  to  be  more  or  less  "rotten,"  it  is,  ncvetheless,  evident 
that  if  the  power  companies  are  to  Continue  to  transmit  power 
at  all,  until  better  insulators  have  been  designed  and  manu- 
factured, they  will  have  to  continue  to  use  those  which  are  now 
on  the  market,  and,  therefore,  it  seems  to  me  that  some  method 
of  testing  insulators  which  are  in  use,  while  they  are  in  use,  is 
of  exceedingly  great  value  to  the  power  companies,  expecially  if 
that  method  is  a  simple  one.  Therefore,  in  reading  over  Mr. 
Flaherty's  paper,  I  have  been  impressed  with  the  idea  that  some 
such  method  of  conveniently  testing  insulators  in  service  as 
therein  described,  is  the  kind  of  insulator  test  which  operating 
companies  have  long  needed.  So  far  as  insulator  testing  is  con- 
cerned, there  are  two  distinct  circumstances  under  which  tests 
are  desired:  First,  there  is  the  demand  for  a  factory  test  or 
series  of  tests,  which  are  made  before  insulators  are  accepted  and 
installed  by  the  purchasing  company,  in  order  to  insure  the  de- 
livery of  units  which  will  meet  such  specifications  as  are  suited 
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author  intimates  that  some  study  has  been  given  the  case  of 
steel  towers  and  .chains  of  suspension  insulator  units. 

No  figures  are  given  for  break-down  of  insulators  taken  at 
random  from  the  same  line  and  giving  zero  indication  in  the 
telephone.  If  these  can  be  added,  the  value  of  the  telephone 
method  may  be  made  more  convincing. 

In  Table  IV  the  records  of  certain  selected  poles  for  three  con- 
secutive years  are  discussed  as  showing  progressive  increase  in 
degree  of  leakage.  This  deduction  may  be  questioned  on  the 
showing  of  Table  III,  where  for  example  Tacoma  Line  No.  1 
lists  371  first  and  second-degree  insulators  left  on  the  Hne  after 
1914  test,  though  only  162  of  all  three  grades  are  found  on  the 
same  line  in  1915  test.  Data  for  the  test  in  May  of  this  year 
are  not  given. 

Incidentally  it  appears  more  probable  that  the  ** clear  musical 
tone"  heard  when  testing  a  perfect  insulator  is  of  higher  fre- 
quency than  fundamental  (assumed  to  be  60  cycles).  Not  only 
does  the  capacity  connection  favor  the  harmonics,  but  telephone 
receiver  sensibilitv  is  relatively  low  at  commercial  frequencies. 
(See  A.  I.  E.  E.  Trans.  XXVIII,  1909,  page  1184) 

C.  E.  Magnusson:  Mr.  Merwin's  use  of  the  audion  is  merely 
a  method  of  magnifying  the  effect  of  the  electromagnetic 
waves  as  they  radiate  from  the  damaged  insulator.  I  would 
^raise  the  question  as  to  why  the  insulators  are  left  so  long 
on  the  line  in  a  damaged  condition.  From  the  paper,  I  would 
judge  that  the  operators  take  a  keen  delight  in  edging  up  as 
close  as  possible  to  the  break-down  point.  It  would  appear 
as  a  more  desirable  plan  to  eliminate  defective  insulators  before 
they  reach  the  fourth  stage,  and  thereby  save  the  ad- 
ditional loss  that  necessarily  follows  when  the  break-down 
actually  takes  place.  I  understand  that  the  continuity  of  service 
record  for  the  P.  S.  T.  L.  8c  P.  Co.,  has  been  vastly  improved 
since  the  method  described  in  Mr.  Flaherty's  i)aper  was 
adopted,  and  if  I  understand  correctly,  the  engineers  in  charge 
could  guarantee  uninterrupted  operation  if  the  insulators  of  the 
third  degree  or  second  degree  were  to  be  taken  out,  so  that  they 
would  not  have  to  wait  until  the  insulators  were  so  near  the 
breakdown  stage.  I  would  like  to  ask  Prof.  Ryan  this  question: 
From  his  remarks,  may  we  hope  that  some  day.   we  shall  have 
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remarks  this  morning.  Mr.  Buck  made  a  very  good  point,  in 
stating  that  the  insulation  of  our  systems  was  poor,  and  that 
redesigning  should  be  given  attention,  and  replacement  taken 
care  of.  But  the  re-designing  of  insulators  is  going  to  take  con- 
siderable time  and  the  replacement  outright  of  many  thousand 
of  more  or  less  defective  insulators  is  going  to  take  a  sum  of 
money  which  cannot  be  always  obtained  promptly.  In  the 
meantime,  the  system  must  be  operated,  and  I  believe  the  en- 
gineer is  doing  a  real  service  when  he  takes  what  is  available  and 
makes  it  work,  securing  thereby  reasonably  good  service  from 
poor  equipment,  while  the  process  of  redesigning  and  replacement 
of  equipment  is  in  progress.  I  have  received  a  great  many 
letters  from  all  over  the  country  since  this  method  was  first 
brought  out  two  years  ago,  inquiring  for  additional  information, 
describing  the  results  of  using  the  method;  and  while  in  some 
cases,  local  conditions  prevented  its  successful  use,  there  have 
been  a  great  many  systems  that  have  made  very  good  practical 
use  of  this  method,  and  reported  good  results.  In  our  own 
systems,  we  have  almost  no  trouble  from  interruption  of  service 
due  to  defective  insulators,  whereas,  three  years  ago,  it  was  one 
of  our  main  sources  of  trouble. 

W.  D.  Peaslee:  I  think  that  one  point  raised  by  Prof. 
Magnusson — that  is,  as  to  leaving  slightly  defective  insulators 
in  service — is  simply  a  question  of  economy.  The  progressive 
deterioration  of  an  insulator  as  it  goes  to  No.  3  is  very  apparent. 
We  all  know  that  if  we  have  a  pole  in  a  transimission  line  that 
begins  to  rot,  we  don't  take  the  pole  down  at  the  first  splinter 
of  rot  that  appears  in  it,  but  we  watch  that  pole  very  closely,  and 
as  it  gradually  deteriorates  toward  a  condition  of  worthlessness, 
we  remove  it.  I  think  the  same  rule  applies  to  insulators.  Mr. 
Flaherty  has  described  a  method  whereby  it  is  possible,  at  very 
reasonable  expense  to  watch  these  individual  insulators,  and  if 
an  insulator  is  shown  to  be  defective  on  No.  1  test,  that  is  no 
reason  for  taking  it  oflF  the  line,  because  that  costs  money,  and 
money  has  to  be  borrowed,  and  it  is  not  always  easy  to  get. 
Whereas,  if  we  can  go  out  and  watch  that  insulator,  and  it 
gradually  goes  to  No.  2  we  can  note  it  in  our  book.  Then  if  it 
goes  to  No.  3,  we  can  take  it  out,  and  in  the  meantime  we  have 
had  probably  two  years  use  of  that  insulator.  We  have  to  face 
the  fact  that  no  matter  how  good  an  insulator  is  when  we  put 
it  on  the  line,  it  has  to  be  replaced  sooner  or  later.  Insulators 
will  deteriorate,  and  the  thing  for  the  engineer  to  do  is  to  take 
oflF  the  constantly  deteriorating  factor  in  his  transmission  line. 
I  have  taken  off  an  insulator  that  has  failed,  and  outside  of  the 
points  of  failure,  the  insulator  was  good;  the  porcelain  was  good. 
It  was  as  good  as  you  could  expect,  under  present  conditions,  to 
be  manufactured.  There  was  no  reason  to  suspect  that  that  in- 
sulator when  it  went  on  the  line,  was  not  good,  and  gradually 
deteriorated,  and  I  think  that  the  practise  of  leaving  these  insu- 
lators on  until  the  last  moment  is  pretty  good,  economic  engi- 
neering. 
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R.  W.  Pope:  The  old  Boston  and  Albany  line  was  insulated 
with  what  my  brother  called  white  flint  insulators,  and  he  con- 
sidered those  insulators  very  much  better  than  glass.  That  was 
as  far  back  as  '58.  They  were  abandoned  I  believe  because 
glass  was  cheaper  and  served  the  purpose.  I  have  never  seen 
any  reference  to  that  material,  but  I  remember  how  those  insu- 
lators looked  at  that  time,  and  I  have  had  an  idea  that  they 
might  have  been  quartz,  and  their  manufacture    a  lost  art. 

C.  P.  Osborne:  I  might  say  that  we  have  just  completed 
a  test  on  our  power  line,  equipped  with  suspension  type  insu- 
lators. Last  year  we  made  no  changes  in  those  insulators.  Two 
years  ago,  we  removed  all  insulators  that  tested  less  than  2000 
megohms.  Last  year  we  made  the  megger  test,  and  we  found 
about  4  per  cent  of  those  insulators  that  would  test  below  2000 
megohms  and  after  discussing  the  proposition,  we  decided  to 
let  them  go  over  and  see  what  the  result  would  be,  without 
making  any  change.  We  did  so,  and  had  no  failures  at  all. 
The  test  that  has  just  been  completed  shows  15  per  cent  that 
tested  below  1000  megohms.  We  have  had  no  failures  yet. 
We  expect  to  change  insulators  this  year.  When  the  line  was 
built,  five  years  ago,  we  had  considerable  trouble.  Wc  had  14 
shut-downs  in  six  months  from  insulators  breaking  down.  Three 
years  ago  we  installed  12  insulators  on  the  platform,  six  in  a 
string,  and  on  one  of  the  strings,  we  put  a  600-pound  weight, 
and  the  other  was  without  weight.  The  object  of  doing  that 
was  to  determine  i  our  trouble  was  mechanical.  Those  12  insula- 
tors have  been  hanging  there  in  the  weather  three  years,  and 
we  have  come  to  the  conclusion  that  the  electrical  stress  is  what 
has  been  breaking  down  the  insulators.  We  have  no  reason  for 
believing  that,  except  from  our  own  observation. 

The  great  objection  wc  find,  in  testing  with  the  megger  is 
where  you  have  a  ground  on  the  line,  as  wc  have  in  our  tower 
line,  there  is  one  insulator  that  you  can't  test  unless  you  dis- 
connect it  from  the  tower.  Three  months  ago,  we  tested  five 
miles  of  the  line,  and  the  test  we  just  completed  checked 
almost  exactly  with  the  test  that  was  made  three  months 
ago.  Some  of  them  showed  a  little  bit  lower,  but  not  very 
much.  We  are  going  to  try  to  see  if  wc  can  get  the  same 
results  on  the  s  eel  tower  line.  We  may  be  able  to  do  that 
on  our  wood  pole  line,  bu  hardly  on  the  steel  tower  line.  We 
also  have  a  line  that  we  have  been  carrying  (30.000  volts  on 
for  four  years,  and  we  have  only  had  one  insulator  break- 
down. You  can  walk  along  ihat  line  at  night  and  see  the  fire- 
works almost  any  place.  You  don't  need  a  telephone  reeei\'er 
to  find  those. 

George  Harding:  It  has  been  stated  hat  porosity  is  prob- 
ably the  cause  of  the  breaking  down  of  the  insulators.  I  would 
like  ask  whether  or  not  this  has  been  tried:  It  has  been  s  ated 
that  you  can  expel  the  moisture  by  baking  the  insulator.  Has 
this  experiment  ever  been  tried:  Immersing  the  insulator,  after 
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the  moisture  has  been  expelled,  in  oil?     In  other  words,  impreg- 
nating the  insulator  with  oil,  and  then  putting  it  under  the  test. 

H.  J.  Ryan:  That  idea  occtured  to  some  of  the  engineers 
of  the  power  companies  with  whom  we  worked  this  summer. 
We  have  not,  however,  made  any  effort  to  carry  out  an  under- 
taking such  as  you  have  suggested.  Naturally,  since  porosity 
seems  to  be  such  an  evil,  impregnation  with  parffine  or  oil,  or 
some  other  similar  material  was  brought  forward.  However, 
there  are  so  many  evidences  that  a  unit  that  you  can  treat  in 
such  fashion,  and  that  you  can  make  work  very  well  for  a  time, 
when  you  leave  it,  and  have  forgotten  it,  in  four  or  five  years, 
the  oil  would  go  out  of  it,  and  it  would  again  be  in  a  bad  class. 
A  word'  of  comment  on  one  point  that  was  brought  out  by 
Mr.  Osborne,  and  that  is  in  regard  to  the  voltage  duty  that 
a  defective  unit  will  carry  in  a  suspension  insulator.  You  have 
spoken  of  units  that  are  continued  in  service  when  they  have  a 
resistance  of  1000  megohms.  Surely,  such  units  are  capable  of 
carrying  a  lot  of  duty — normal  voltage  duty.  Mr.  Osborne  felt 
that  they  would  like  very  much  to  know  the  capability  of  de- 
fective units  in  regard  to  voltage  duty,  and  the  voltage  duty 
that  they  would  carry  or  fail  to  carry  in  a  string.  So,  in  our 
laboratory,  with  a  high-voltage  potentiometer,  we  erected  strings 
with  as  many  as  12  units,  and  applied  75,000  volts  to  ground 
thereon.  We  employed,  first  of  all,  good  units  throughout,  and 
then  employed  a  bad  unit  or  two  bad  imits  next  to  the  line, 
and  then  employed  a  good  unit  mounted  next  to  the  line,  and 
then  a  bad  unit  or  two  bad  units,  or  arranged  them  in  various 
other  combinations  that,  of  cotu*se,  immediately  suggest  them- 
selves to  the  mind.  The  bad  units  had  been  shorted  through, 
were  punctured,  or  they  were  units  that  were  water-logged. 
In  a  string  of  12  units,  for  example,  each  unit  carrying  an 
average  of  8.3  per  cent  of  the  total,  units  would  carr}'^  as  much 
as  six  or  seven  per  cent  that  had  actually  been  shorted  through 
on  high-voltage  tests,  because  they  were  defective  and  con- 
ductive. Nevertheless,  it  appears  to  me  that  units  of  that 
kind  in  a  string  would  surely  fail  under  the  ordinary  forms 
of  high  voltage.  It  seems  to  me  that  the  danger  from 
leaving  units  on  a  line,  that  show  as  low  a  resistivity  as 
1000  megohms,  comes  from  the  fact  that  one  is  manifestly 
leaving  on  a  line  an  insulator  that  is  pretty  porous,  and  is  en- 
gaging in  a  process  of  absorbing  more  and  more  water  all  the 
while.  It  must  have  absorbed  quite  a  little,  apparently,  in 
order  to  be  down  so  low.  As  long  as  certain  accidental  forces 
don't  come  along,  laboratory  studies  indicate  that  those  units 
will  carry  very  nearly  as  much  duty  as  if  they  were  in  perfect 
condition,  thus  not  throwing  an  undue  amount  of  duty  on  to  the 
other  units. 

C.  P.  Osborne:  I  would  like  to  cite  one  instance  which 
happened  last  Saturday  on  our  line.  The  Southern  Pacific  has 
a  tap  from  one  of  our  substations  which  operates  their  line.     The* 
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lightning  struck  their  line,  burning  the  tie-wire  off  the  insulator 
going  to  the  ground  plate  on  the  pole,  which,  the  Commission,  I 
believe,  makes  it  necessary  to  install.  That,  no  doubt,  created 
some  disturbance  on  that  line.  Now,  the  tower  line  which  I 
spoke  of,  kicked  out  at  the  generating  plant,  at  least  thirty  miles 
from  that  point.  When  I  mention  the  insulators  being  1000 
megohms,  I  will  state  that  we  have  three  strings,  and  all  of  them 
showed  1000  megohms.  This  simply  shows  that  here  is  a  case 
where  lightning  did  strike  the  line,  and  there  is  no  question  but 
what  some  undue  strain  was  put  on  that  line  by  the  lightning 
striking  it.  It  also  burned  up  some  of  the  instruments  in  the 
substation,  right  along  side  the  Hne.  We  have  been  a  litle  bit 
skeptical  in  making  the  tests.  As  we  look  at  it  now,  it  is  a  case 
where  we  have  to  go  through  every  two  years  and  weed  out 
the  bad  insulators,  and  put  in  new  ones,  and  that  is  going  to 
continue  until  we  get  better  insulators.  Were  those  insulators 
Mr.  Pope  spoke  of,  bullet  proof? 

R.  W.  Pope:  The  form  I  speak  of  was  pretty  nearly  bullet 
proof,  because  bullets  glanced  ofT  from  them. 

B.  G.  Flaherty:  All  our  lines  here  have  ungrounded  neu- 
trals. We  have  had  no  experience  with  the  grounded  neutral 
systems.  In  reply  to  Mr.  Merwin's  suggestion  as  to  the  audion 
testing  set.  We  can  use  the  telephone  receiver  in  practically 
the  same  manner  except  that  a  grounded  terminal  is  necessary — 
the  same  bamboo  pole  and  the  antenna.  You  can  ride  along 
the  line  and  get  practically  the  same  results  with  just  the  tele- 
phone receiver  alone.  An  incident  comes  to  my  mind  where  we 
were  testing  a  line  this  summer.  The  linemen  were  testing  the 
insulators  on  a  pole  line  with  a  steel  tower  line  paralleling  it. 
They  called  my  attention  to  two  cases  where  the  tower  line  had 
defective  insulation  on  it.  that  they  had  discovered  by  walking 
along  with  the  pole  over  their  shoulder.  Mr.  Osborne,  undoubt- 
edly a  number  of  your  poles  or  towers  would  have  no  defective 
units  on  them. 

C.  P.  Osborne:  There  are  a  lot  of  them  that  have  no  de- 
fective insulators  on  them. 

B.  G.  Flaherty:  That  would  avoid  your  going  over  them 
with  the  megger  test,  if  you  could  locate  the  poles  or  towers  with 
the  telephone  receiver  set. 

C.  P.  Osborne:  Have  you  tried  that  method  at  all  with 
lines  with  grounded  neutrals?     We  operate  a  grounded  neutral 

-11     i*/\    l\l\t\    .-      1j      1  .' 


1   i..  tcting.  iimyir  suns  out  along  the  cross-arm 
j;  bv  ihf  «imj«r»t'>**  intensity  of  the  sound,  and  he 
-  A(^  msnlatpr?  that  arw  most  defective. 
Tavlor  rcferrwl  ti>  the  dLscrepancy  in  the  tables  given,  as 
BHiribeT  of  insulators  in  the  ditTerent  tests,  givinR  a  larger 
ofthelowrdr^twK-akai^einthefirst  test  of  July,  1914. 


-  w-e  explained  in  the  i^i^fr,  that  we  were  very  much  more 
t^Jal  in  the  first  t«ls  in  191-t  to  get  the  degrees  of  leakage. 
-^v^-tter  of  fail,  w*"  almost  neglected  the  lower  degrees  in 
i.  i(Ss  of  Itfl-1  ""A  I'-*'"  ^^  '•''^  ^"'^  "'''^^'^  '^^  ^'^^  ^^^^  "^^^  ^^ 
wLte  the  danj:fr<His]Y  defective  units, 

■&.  C  Lindsay:  The  insulators,  Mr.  Flaherty  referred  to  as 
-^OOO-volt  insubtors".  were  not  designed  for  that  voltage, 
nev  were  designed  for  Sfl.OOt)  \-olts  and  were  first  used  on  a 
■iv2)0-vp!t  line  with  the  idea  of  later  changing  the  line  to  55,000 
it  and  in  that  wav  became  known  as  30.000-volt  insulators, 
TTT^ev' are  very  much' smaller  than  the  55,000-volt  insulators 
i  at  this  time,  and  although  wc  used  them  for  a  short  time 
^  ::  (j()(i  volts,  we  found  that  they  were  an  unsafe  insulator  for 

I  p  joUyman  and  J.  Mini,  Jr.:     Regarding  the  use  of  the 

telephone  receiver  for  the  detection  o(  defective  pin-type  insu- 
lators on  pole  lines,  the  writers  after  the  publication  of  Mr. 
Crawford'"  outline  on  this  subject  of  August,  lflI4,  gave  the 
iMpthoil.  what  ihey  believe  a  fair  trial.  First  in  an  experimental 
,  as  will  be  descrifjed  later,  and  finally  by  actual  application 
to  several  sections  of  existing  60-kv.  lines  on  the  Pacific  Gas 
and  Electric  Co, 's  system. 

About  thi."^  time  it  was  decided  that  parts  of  several  lines 
would  be  rebuilt  for  various  reasons;  this  required  the  insulators 
to  be  completely  removed  from  the  jioles  during  the  reconstruc- 
tion. This  opportunity  was  taken  advantage  of  and  a  number 
of  "telcjihonc  surveys"  were  made  of  the  same  pieces  of  line,  at 
dilTcR'nt  times  of  same  day.  and  also  on  ditTerent  days,  by  two 
independent  men,  who  look  new  records  on  each  survey,  without 
reference  In  ri'sulls  i.f  previous  sur\eys  or  of  each  other's  work. 
Here  tin-  lirsl  |>oiiUs  ;igainst  the  telephone  method  showed  up, 
in  that  record'^  for  tlie  same  i)olc  often  were  far  divergent  for  the 


Ini 

]-'arl  I 


difference   nf   wliie 
isolated  neutral  w 
neutral  sy.stein, 
not,  known. 

As  tlie   insulators    were   removed   from   the   |)oles  they   were 
carefully  tagged  and  iiaulcd  to  a  central  point,  where  each  shell 
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of  each  individual  assembled  insulator  was  given  a  careful  test 
with  the  megger,  and  then  by  the  application  of  55  kv.  from  a 
2000-watt  testing  transformer  across  each  separate  shell. 

Referring  to  Fig.  3  and  to  the  note  under  Table  II  of  the 
paper,  it  is  understood  that  the  voltage  tests  were  made  by 
applying  the  test  terminals  to  the  shells  over  all.  Owing  to  the 
relative  lengths  of  striking  distances  due  to  design  of  certain 
insulators,  this  method  of  detecting  punctured  shells,  is  very 
often  not  reliable,  since  the  spark  will  sometimes  jump  across 
two  shells  from  the  pin  for  instance,  rather  than  jump  down 
along  one  side  of  a  long  inner  shell  and  out  and  up  again  on  the 
opposite  side  of  this  shell.  This  leads  one  to  believe  that  a  shell 
was  not  punctured.  This  "over  all"  testing  throws  unbalanced 
stress  on  the  inner  shells  as  a  rule  (depending  of  course  on  the 
design),  and  often  punctures  them  on  a  total  test  of  say  110,000 
whereas  they  will  often  stand  60  to  70  thousand  volts  or  per- 
haps flash-over,  if  tested  individually.  It  is  perhaps  (especially 
in  making  checks  on  the  phone  test),  more  proper  to  find  what 
shells  are  already  cracked,  punctured,  or  so  porous  and  full  of 
moisture  as  to  stand  practically  no  voltage,  rather  than  to  punc- 
ture some  of  them  at  50,000  volts  per  shell  or  over.  An  insulator 
having  four  such  shells  standing  such  a  v^oltage  per  shell,  would 
be  expected  and  has  proven  in  many  cases  to  still  be  capable  of 
giving  considerable  service,  and  it  is  doubtful  if  any  phenomena 
it  exhibits  under  normal  operation,  would  give  any  phone  de- 
tection and  therefore  should  not  be  counted  as  a  debit  or  a 
credit  to  the  number  the  phone  missed,  or  on  the  other  hand 
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before  they  actually  did  any  testing  on  existing  lines  in  regular 
operation.  Various  degrees  of  noises  were  found  characteristic 
upon  which  the  field  men  standardized  for  record  purposes  by 
coining  describing  words,  such  as:  **light,  medium,  and  heavy 
fry;  light,  medium  and  heavy  continuous  bombardment.  Nu- 
merous attempts  were  made  to  locate  the  particular  defective 
insulator  purposely  placed  on  the  test  pole,  from  the  three  total 
using  the  scheme  outlined  in  Mr.  Crawfords'  paper,  .but  with 
very  little  success.  The  nearest  approach  toward  picking  the 
correct  defective  insulator  was  perhaps  by  the  use  of  a  telephone 
transmitter,  mounted  on  the  end  of  a  long  light  pole,  by  which 
it  was  held  up  close  to  the  end  of  the  insulator  pin  of  the  several 
insulators  on  the  pole.  The  other  end  of  the  wire  telephone  cir- 
cuit (including  dry  batteries  and  ordinary  telephone  receiver) 
was  held  by  a  man  standing  on  a  well  insulated  stool,  located 
at  the  base  of  the  pole.  The  scheme  is  dangerous  and  the  re- 
sults far  from  reliable  as  the  number  of  incorrect  detections  far 
outnumbered  the  correct  ones.  It  might  be  stated  that 
whether  the  three  metallic  pins  located  at  the  two  ends  of  the 
cross  arm  and  at  the  pole  top,  were  connected  metalically  or 
not,  did  not  seem  to  effect  the  phone  test  results. 
Tests  made  on  lines  in  regular  operation. 

Test  No.  1- 

Each  pole  carried  three  3-part  14-in.  diameter  insulators. 
Location  about  90  miles  inland  from  sea  coast.  Weather  dry 
and  relative  humidity  fairly  low. 

9  poles  selected  (which  gave  three  consecutive  checks  on  tele- 
phone survey)  from  out  of  a  total  of  about  50. 

Poles     Character  of  phone  test.     Megger  and  high-voltage  test  of  each 

separate  shell  of  all  insulators  on  pole. 
2     Clear  hum  O.  K. 

7     Medium  to  heavy  bom-     At  least  one  shell  in  one  or  more  insu- 
bardment.  lators  of  each    pole   group  (3  isula- 

tors)  found  defective. 

The  phone  test  was  checked  correctly  by  megger  and  voltage 
tests  on  the  insulators  of  all  9  poles,  or  100  per  cent. 

It  might  be  added  that  in  the  above,  the  tests  were  made  with 
an  antennae  length  of  the  phone  circuit  not  over  ten  feet  above  the 
ground,  same  having  a  sharp  point  which  was  lightly  driven 
into  the  pole  butt.  If  the  end  of  the  antennae  is  held  up  near 
the  cross  arm,  all  the  poles  on  this  line  give  the  "fry**  sound  in 
the  receiver.  Each  shell  of  this  type  of  insulator  is  of  course 
carrying  more  voltage  stress  than  the  shells  in  other  types  of 
insulators  used  on  the  lines,  where  the  remaining  tests  were  con- 
ducted. 

Test  No.  2 

Three  4-part  14-in.  diameter  insulators  per  pole. 
Location  about  40  miles  inland  from  sea  coast. 
17  poles  selected  at  random. 
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Phone  test  clear  Phone  test  clear     Phone  test  bom-  Phone  test  bom- 
bardment bardment 
Insulators  found  Insulators  found  Insulators     found  Insulators  found 
O.  K.  by  meg-  defective       by       O.  K.  by  meg-  defective  by  meg- 
ger   and   volt-  meggerandvolt-     ger    and   volt-  ger  and     voltage 
age  test.  age  test.                    age  test.  test. 

0  poles  6  poles                     5  poles  6  poles 


Total  phone  tests  which  were  checked  correctly  by 

other  tests 

Total  phone  tests  which  were  not  checked  correctly 

by  other  tests 11   =65  per  cent 


6  =  35  per  cent 


Test  No.  3 

Three  4-part  14-in.  diameter  insulators  per  pole. 
Location  about  20  miles  inland  from  San  Francisco  Bay. 
25  poles  selected  at  random. 

Phone   test   clear  Phone  test  clear  Phone  test  bom-   Phone    test    bom- 
bardment bardment 
Insulators  found  One  or  more  shells  All  insulators  tes-  One  or  more  shells 
O.  K.  by  meg-       of  one  or  more       ted    O.    K.    by       of  one  or  more 

insulators  found 


ger     and   volt- 
age test 


2  poles 


insulators 
found  defective 
by    megger    or 
voltage  test. 
0  poles 


megger  a  nd 
voltage  tests. 


16  poles 


defective  by  meg- 
ger   or    voltage 
tests. 

7  poles 


Total  phone  tests  which  were  checked  correctly  by 
other  tests 

Total  phone  tests  which  were  not  checked  correctly 
by  other  tests 


9  =  36  per  cent 
16  =  64  per  cent 


Test  No.  4 

Six  4-part  14-in.  diameter  insulators  per  pole.  (Twin  three- 
phase  circuits  on  a  single-pole  line,  with  the  two  circuits 
solidly  connected  in  parallel  at  both  ends.) 

Location  about  20  miles  inland  north  of  San   Francisco  bay. 

209  poles  tested ;  consisting  of  two  pieces  of  line  about  8  miles 
apart  and  of  70  and  139  poles  respectively. 

Phone    test    clear     Phone  test  clear     Phone  test  born-     Phone  test  bom- 
hard  men  t  bardment 
All  shells    of    all    ( )ne  or  more  shells  .\ll    shells   of   all   One  or  more  shells 


i  n  s  u I  a  tors 
found  O.  K:  by 
meg  ger  and 
voltage  test. 


of  one  (jr  more 
i  n  s  u  l.;i  t  o  r  s 
found  defective 
by  megger  and 


i  n  s  u  1  a  t  o  r  s  of  one  or   more 

found  O.  K.  Ijy  insulators  found 

'^  ^  g  g  ^  r  ^i"<^^  defective      by 

voltage  test.  meggerandvolt- 


t.  a 

i 


tiM  txsnjtrvtx  TKsrtsc 

Tkst  No.  5 

Three  l-part  Ift-in   dwunrter  insulators  per  pole. 
Locatioii  Jilxiul  H  mite  intand  fnwn  San  Francisco  bay 
81  poIis  tcslrti.  all  in  a  angle  continuous  piece  of  line. 
phone  lest  H    K.   I'h.MW  t«t  O,  K.   Ph<ine  lest  bom-  Phone    lest    bo: 
tiardmerl  liardment 

InsuUlORi  InsMlslors  tnsulalors  Insulators 

0_  j(_  ^iiiRK  shell  defcc-  O.  K.  Some  shell   defec- 

murr       in«u1.i-  more  insulatorsqj 

9  po|,.s  S  li'iles  12  pole?  52  jjoles         ■ 

Total  poles  on  wliich  |ihone  lest  was  thecked  by 

other  Iwsis. , I'.l  =  7ii  per  fent 

Total  poles  tin  which  jihone  IMC  was  noi  ehecked  by 

oilier  tr.M<.  20  =  24  per  cenl 

The  n>.nli!4  shuw  thai  a  number  of  defective  insulators  can 
be  detccii'ii  uiul  removed  as  a  result  of  the  phone  test  but  at 
the  Kri'ai  i'\|H'[isf  uf  taking;  down  many  times  the  number  of 
sound  iusviliilors  from  the  poles  showing  defective  in  order  to 
get  the  fi'"-  bad  ones.  Again,  the  expense  of  taking  down  the 
insulators  fium  pules  showing  defective,  only  to  find  that  no  bad 
riucs  exisL  And  lastly  jjerhaps  the  most  unfavorable  feiiture — 
irial  tests  demonstrate  a  large  percentage  of  defective  insula- 
i.irs  are  missed  altogether  in  the  field  survey.  While  the  prob- 
ability of  future  line  trouble  is  no  doubt  decreased  in  direct 
1 .11  i| )i >rtion  to  the  number  of  defective  insulators  removed,  it  was 
ihis  last  feature  which  led  to  the  abandonment  of  the  telephone 
ini'ihod  for  the  trial  of  other  schemes  which  it  is  hoped  will 
show  more  ijcrfect  scores  in  the  results  obtained. 

Current  audible  as  a  clear  musical  tone  over  good  insulators 
is  the  same  as  that  obtained  by  antennae  effect  in  the  vicinity 
•  i!  the  circuit  and  is  due  to  harmonics,  since  the  fundamental  at 
(iO  cycles  is  a  very  Inw  jntch  tone  too  low  to  be  at  all  noticeable 
in  thu  telci>hiiiie  rccivcrs.  In  a  system  with  a  grounded  neutral 
ihi-  |)rinri|>;il  harmonic  is  usually  the  third  and  in  a  delta  system 

We  agree  that  brush  discharge  is  the  cause  of  the  scratching 
nr  spitting  noisi'.s  hwinl  as  su]>eriini)osed  on  the  "clear"  hum. 
lirush  dis.liarge  is  nnt  nwvssarily  due  lo  a  cracked  shell  or  a 
shell  of  tow  nugolnn  resistaiice.  If  the  design  of  the  insulator 
is  such  that  the  air  is  oversircssi-d  at  any  jiuint,  a  brush  discharge 
will  i)e  formi'il  even  though  tlie  insulator  is  perfectly  good.  A 
CLTtain  ly|)f  nf  insulator  with  which  we  have  experimented,  all 
showfd  "ba<l"  on  the  line  but  were  found  "good"  when  removed 
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voltage  over  the  insulator  on  any  one  phase  unless  an  actual 
ground  has  taken  place.  The  displacement  of  the  neutral  can 
only  be  caused  by  the  flow  of  a  very  considerable  current  to 
earth  from  one  phase.  The  current  which  must  flow  to  ground 
from  one  phase  of  a  delta  system  to  shift  the  neutral  to  that 
phase  is  equal  to  about  1.5  times  the  normal  charging  current. 
This  current  to  ground  would  be  about  18  times  1.5  or  27  am- 
peres on  a  60-kv.  system  with  100  miles  of  line.  Certainly  no 
current  which  would  leak  over  one  or  several  insulators  would 
shift  the  neutral  enough  to  affect  the  voltage  over  the  insulators 
on  that  phase. 

We  suspect  that  the  air  in  the  vicinity  of  the  second  (short) 
shell  of  the  insulator  would  become  overstressed  if  the  top  was 
defective  and  frequently  overstressed  if  the  third  or  center  was 
defective.  This  particular  type  of  insulator  appears  to  be  one 
which  lends  itself  very  well  to  the  application  of  the  method  of 
testing  described.  It  should  not  be  inferred  that  the  method 
will  be  equally  successful  with  other  types  of  insulators  or 
under  the  conditions  existing  on  other  systems. 

E.  E.  F.  Creighton:  An  experimental  and  theoretical  study  was 
made  of  the  telephone  method  of  testing  insulators  in  an  en- 
deav^or  to  bring  out  definite  information  on  the  factors  involved 
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and  to  determine  the  limitation  of  its  successful  use.  The  ex- 
perimental work  may  be  divided  into  two  categories:  namely, 
first,  tests  with  gaps  and  resistance;  and  second,  tests  on  defec- 
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cuit;  2nd.  determine  the  effect  of  series  resistance  in  diminishing 
the  sound  in  the  telephone  receiver  when  there  is  no  gap  in  series; 
3rd,  determine  the  effect  in  the  receiver  of  introducing  a  con- 
tinuously increasing  scries  gap  when  there  is  series  resistance  in 
the  circuit,  and  4th,  the  same  with  no  series  resistance  in  the 
circuit;  5th,  determine  how  much  shunting  resistance  in  parallel 
with  the  telephone  receiver  becomes  undesirable. 

Test  With  Good  Insulators  in  Series 

No  attempt  will  be  made  to  present  the  tests  in  detail  but 
rather  to  give  the  deductions  made  from  these  tests,  which  will 
be  designated  as  ^ .  B,  C.  D.  and  E. 

Conclusion  A.  When  there  is  no  gap  in  series  with  the  in- 
sulator and  the  charging  current  of  a  single  suspension  disk 
insulator  is  carried  through  the  telephone  a  pure  sine  wave  gives 
a  low,  musical  note.  With  a  difference  in  sensiBiHty  of  the 
telephone  receiver  and  difference  in  attention  the  60-cycle  note 
becomes  audible  for  different  values  of  current.  In  a  noisy  room 
with  a  70-ohm  receiver  in  series  with  a  single  lO-in.  suspen- 
sion disk  the  sound  becomes  audible  at  20  k\'.  applied.  Since 
the  capacitance  of  a  single  disk  is  about  34  times  10~'^  farad, 
its  reactance  will  be  85  megohms,  and  the  current  in  the  receiver 
230  micro-amperes. 

When  the  resistance  of  68  megohms  was  placed  in  series  with 
ihc  insulator  there  was  an  appreciable  decrease  in  the  sound, 
due  lo  the  decrease  in  current.  Since  the  reactance  and  resis- 
tance combine  at  right  angles,  the  total  resistance  in  the  circuit 
was  110  megohms  which  allowed  the  passage  of  182  micro- 
aini>cres  (77  per  cent  of  the  previoiis  value).  The  musical  note 
was  jiure  to  start  off  with  and  went  through  no  changes  in  timbre 
l>v  the  introduction  of  the  resistance. 

This  leads  to  the  conclusion  that  porous  insulators  which  have 
jilisorbed  moisture  and  have  a  measurable  resistance  in  megohms 
or  lower  will  give  no  indication  in  the  telephone  of  their  defec- 
tiveness. The  same  conclusion  applies  if  the  insulator  is  cracked 
anil  filled  with  moisture  which  makes  a  moisture  contact  with 
the  cement.  If  the  contact  between  the  cement  and  the  crack 
is  made  by  means  of  a  small  spark,  then  the  conditions  are 
different  and  a  discussion  will  follow  under  a  later  paragraph. 

Conclusion  B.  iiy  gradually  raising  the  voltage  on  the  sus- 
]tcnsion  disk  from  20  kv.  the  growth  of  the  brush  discharge  in 
llic  insulator  can  be  heard  in  the  telephone.  The  brush  dis- 
charge is  also  audible  directly  from  the  insulator.  At  50  kv. 
there  is  considerable  roughness  in  the  musical  note  which  can  be 
attributed  to  Die  brush  discharge  from  the  various  points  on  the 
surface  of  the  Portland  cement  in  the  head  of  the  insulator. 
Once  familiar  with  this  sound  of  the  uniformly  distributed  brush 
discharge  it  can  be  distinguished  from  the  other  sounds  which 
will  be  described  later.  This  sound  is  somewhat  diminished  by 
the  introduction  of  tiS  megohms  in  scries  with  the  suspension 
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Conclusion  C.  If  the  resistance  is  left  in  series  and  the  voltage 
is  maintained  constant,  say  at  50  kv.  and  the  sphere  gap  is 
gradually  opened,  a  new  sound  of  rather  high  pitch  but  not  a 
musical  note  takes  place.  As  the  gap  is  gradually  opened  to 
0.02  in.  the  pitch  gradually  decreases  and  the  intensity  of 
sound  increases.  Beyond  this  gap  length  the  sound  takes  on 
gradually  a  different  note.  The  sounds  are  full  of  different 
noises  which  gradually  grow  and  fade  in  a  way  which  baffles 
description  in  words.  At  small  gaps  there  is  a  hissing  noise  like 
the  escape  of  steam.  As  the  gap  increases  there  is  superposed  a 
disagreeable  muscial  note  of  decreasing  pitch.  Then  there  ap- 
pears a  rumble  like  the  sound  given  off  from  the  rails  by  a  rapidly 
moving  express  train.  This  gradually  passes  into  a  disagree- 
able scratchy  sound  and  at  the  larger  gaps  ending  up  with  a 
distinct  rattling  sound  as  the  sparks  become  less  and  less  fre- 
quent per  second.  From  the  smallest  gap  to  the  largest  gap  the 
intensity  of  the  noise,  irrespective  of  its  character,  gradually 
increases,  so  long  as  the  series  resistance  is  left  in  place.  The 
difference  between  the  sound  given  out  by  the  series  spark  and 
the  sine  wave  current  without  series  spark  may  be  described  as 
the  difference  between  a  noise  and  a  musical  note.  It  is  just 
as  distinct  as  the  difference  between  multiple  strokes  on  a  bell 
and  multiple  strokes  on  the  bottom  of  a  dish-pan. 

We  may  conclude  from  this  that  any  spark  in  an  insulator 
with  the  resistance  of  a  wooden  pole  in  series  will  cause  a  peculiar 
sound  in  the  telephone  receiver,  the  nature  of  the  sound  depend- 
ing on  the  length  of  the  spark  in  the  insulator.  If  a  single  skirt 
of  a  pin-type  insulator  is  cracked  and  the  charging  current  is 
sparking  into  this  crack,  the  sound  will  be  distinctly  heard  on 
the  telephone  and  it  will  have  a  note  that  can  be  distinguished 
from  both  the  musical  note  and  the  evenlv  distributed  brush 
discharges.  The  telephone  receiver  then  is  fitted  to  detect  this 
kind  of  a  fault  in  an  insulator  but  the  voltage  must  be  such  as 
to  cause  the  spark.  A  spark  may  not  necessarily  be  due  to  a 
defective  porcelain  and  a  cracked  porcelain  may  be  so  full  of 
moisture  as  not  to  spark. 

Conclusion  D  If  the  series  resistance  is  entirely  eliminated 
and  the  charging  current  of  the  insulator  is  taken  through  the 
telephone  with  a  series  gap  gradually  increased,  a  result  will  be 
obtained  quite  contrary  to  the  ones  just  described.  When  the 
resistance  is  not  in  series  and  with  the  tiniest  spark  playing,  a 
very  high  pitch  is  obtained  which  is  something  more  than  a  noise 
and  may  be  described  as  a  rather  disagreeable  musical  note.  For 
small  gaps  the  sounds  are  somewhat  similar  to  those  with  re- 
sistance in  series.  As  the  gap  opens  the  pitch  decreases  and 
the  noise  becomes  very  scratchy  beyond  0.02  in.  Beyond 
this  gap  also,  the  noise  begins  to  decrease  in  intensity  until  the 
maximum  spark  gap,  about  0.35  in.  is  reached  when  the 
sound  has  very  greatly  decreased  although  it  is  still  audible. 
It  has  very  little  resemblance  to  the  sound  given  by  the  same 
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>iWW  Wiiijih  whttt  ihc  resislance  is  in  series.  It  should  be 
iJL)tv>J  ilutl  lUv  liuuiul  dwrcases  rather  than  increases  with  the 
UttJ.'  Ivn^Vh  atlw  thf  tirst  O.Olin,  or  0.02  in.  is  passed.  The 
lii^h  I'id'hi'il  lutises  at  small  gap  lengths  are  due,  partially 
ul  IvtiMl,  III  iimiiy  successive  sparks  jumping  the  gap  for  every 
» vvlti  I't  iht-  geniirator  wave.  Larger  gaps  require  more  voltage 
t'Milt  up  lu'fiire  the  spark  takes  place  and  therefore  there  are  a  less 
i„.uil>,Ti«Tcyt-le. 

II  lliis  method  then  is  applied  to  an  insulator  on  a  metal 
liiwt-r,  ijiiite  different  intensities  of  sound  will  be  ohiaiiied  from 
ihose  on  u  wooden  pole  line. 

It  seems  desirable  to  endeavor  to  point  out  the  cause  of  the 
(HfTerence  in  the  sound  in  the  telejihone  receiver  when  the  series 
resistance  is  used  and  when  not.  With  a  high  resistance  in 
series  the  condenser  discharge  from  the  insulator  capacitance  is 
so  ihiiriJUghlv  damped  that  it  passes  through  the  telephone  as 
a  single  impulse  and  we  get  the  eilect  on  the  iron  disk  of  a  single 
blow  on  the  bottom  of  a  dish-pan.  When  there  is  no  series  re- 
sistance the  discharge  of  this  condenser  is  damped  comparatively 
little  and  as  a  result  the  iron  disk  of  the  telephone  will  re- 
ceive a  blow  first  in  one  direction  and  then  in  the  other 
direction  as  the  logarithmic  wave  dies  out.  This  frequency  is  so 
high  that  the  inertia  of  the  disk  will  nut  allow  it  to  move  in 
synchronism  willi  the  oscillation.  Therefore  each  half-cycle  of 
the  oscillation  counteracts  the  previous  one,  leaving  the  disk 
almost  stationary.  As  a  result  there  is  a  very  little  sound  given 
out. 

Conclusion  E.  It  is  found  that  when  the  resistance  in  parallel 
with  the  tclcplione  has  a  value  five  times  the  resistance  of  the 
telephone  there  is  an  appreciable  diminution  in  the  sound.  As 
the  shunting  resistance  increases  the  sound  gradually  increases 
and  abo\T  21)  to  oO  times  the  resistance  of  the  telephone,  the 
sound  in  the  telephone  has  approximately  its  full  value. 

Te^TS    WiTFi    DKIMCrTEVE    PlN-TVE'E    lN-srL.\TORS 

Thfse  tfsis  wcTt'  made  on  ^ie\en  defective  insulators  furnished 
llie  writer  by  Mr.  )'.  M.  Downing  from  the  Pacific  Gas  &  Elec- 
tric Company's  litie-^  last  fall.  To  avoid  |)rejndicial  information 
the  tests  wi'tli  the  leJeplmne  were  carried  out  without  anv 
regard  to  tlie  defects  of  the  insulators  and  subsequently  the  in- 
sulators were  tested  uj)  with  the  megger  on  each  separate  skirt 
and  the  defective  ones  listed.  Tile  data  were  then  rearranged 
for  tile  cotu'cnicnee  of  ihe  reader,  ))laeiiig  the  insulators  in  the 
order   of    tlieir    defertivene-^s.    ihe    lea-^t    defective    being    placed 
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a  transmission  pole.  Second,  it  was  desired  to  make  the  labora- 
tory test  a  little  more  severe  than  the  usual  conditions  of  the 
line  to  make  up  for  high-voltage  surges  which  would  naturally 
occur  on  the  line,  and  third,  an  endeavor  to  make  the  test  volt- 
age a  little  more  severe  than  could  be  found  in  practise  with 
the  idea  of  determining  the  best  results  which  might  be  obtained 
in  actual  service.  No  doubt  with  a  more  sensitive  telephone 
receiver  more  noise  could  have  been  obtained  but  it  is  doubtful 
if  the  greater  intensity  of  noise  in  the  telephone  receiver  would 
have  given  any  distinguishing  effect.  This  conclusion  is  drawn 
from  the  fact  that  perfect  insulators  of  the  suspension  type  gave 
more  noise  by  internal  brush  discharge  than  the  defective  in- 
sulators of  the  pin  type. 

The  first  test  consisted  in  connecting  up  the  pin  to  one  terminal 
of  the  insulator  and  allowing  the  other  connection  to  hang  in 
the  air  parallel  to  the  insulator  about  8  in.  away.  A  very 
considerable  corona  could  be  heard  directly  on  this  wire  but  no 
appreciable  sounds  could  be  detected  in  the  telephone  receiver. 
This  shows  that  any  noise  obtained  does  not  come  from  the  dis- 
tant points  of  the  loads  but  must  come  from  those  more  directly 
in  contact  with  the  porcelain. 

Tests  on  Insulator  No.  1.  This  insulator  originally  measured 
less  than  10  megohms  on  skirts  3  and  4,  counting  the  skirt  next 
to  the  line  as  No.  1.  However,  it  had  dried  out  at  the  time  the 
telephone  test  was  made  and  all  four  skirts  measured  infinity. 
The  v^oltage  was  raised  on  this  insulator  up  to  50  kv.  without 
giving  any  distinguishing  sound  in  the  telephone  which  would 
indicate  that  it  was  defective. 

Tests  on  Insulator  No.  2.  The  second  skirt  of  this  insulator 
measured  2000  megohms  and  the  other  three  skirts  infinity. 
This  insulator  also  up  to  50  kv.  applied  gave  no  distinguishing 
sound  to  indicate  its  defectiveness. 

Tests  on  Insulator  No.  3.  This  insulator  originally  meggered 
less  than  10  megohms  on  skirts  2  and  3  but  by  drying  out  it 
measured  2000  megohms  on  skirt  2  and  infinity  on  skirt  3,  and 
subsequent  to  the  last  test,  skirt  4  developed  defectiveness  and 
had  a  resistance  of  10  megohms.  As  it  stands  at  the  present 
time  then,  skirt  4  measured  10  megohms  and  skirt  2,  2000  meg- 
ohms. At  43  kv^,  23  per  cent  above  Y  voltage,  there  was  no 
audible  sound  to  indicate  defectiveness.  However,  at  50  kv. 
a  distinct  brush  discharge  could  be  heard.  This  sound  of  the 
brush  discharge  is  sufficiently  difTcrent  from  the  spark  of  the 
gap  in  scries  to  be  distinguished  but  not  described.     The  defect 
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phmitf  wihcr  at  -13  kv.  ur  at  30  kv.  When  the  series  resistance 
w«i  <'uC  i.NJt  tbcH:  was  a  sound  such  as  a  slight,  distributed  brush 
ilu>.'KiU-){v  in  !u»  itwulator  would  give.  At  50  kv.  this  sound  of 
hruih  iSschargc  vas  iittviisttied  but  there  were  no  indications  of 
ai«rk.s  ittlciii^  i>l8ce  inlenmlly  in  the  insulator.  It  should  be 
Ui^tKt  that  «.^ri^;»  resistance  decreased  the  sound  of  the  telephone 
*iut  ih  jusl  thf  coiitrar\'  to  the  effect  obtained  with  a  long  series 
gap  where  tho  stmrk  cmild  take  place  in  concentrated  form. 
AUeiitioR  is  eallvU  lo  this  fact  to  show  the  ^'arious  sounds  that 
CAii  be  |{ivfii  I'ui  under  the  various  conditions.  The  operator 
must  IcftTu  th<-sc  sounds  that  correspond  to  the  different  con- 
ditions by  actual  use.  Tliis  experience  has  a  bearing  on  how 
near  to  the  insulator  the  lineman  must  be  in  order  to  obtain 
the  dfsirttl  dcurcf  of  intensity.  Again  his  personal  judgment 
inuKl  W  dt'iK'iided  uimn. 

J'rxis  0H  Insuhtor  No.  5.  This  insulator  originally  meggered 
U'.-is  [hail  III  megohms  on  both  the  Srd  and  4th  skirts.  However, 
s,i  the  imic  tif  lest  the  third  skirt  had  risen  to  30  megohms 
Willi  .1  M'liLS  resistance  of  68  megohms  and  the  potential  at  43 
kv    Hh'ic  was  no  distinguishing  sound  of  defectiveness. 

Willi  ihc  '.ericK  resistance  cut  out  there  was  quite  a  distinct 
tirusli  discluirgc  audible  at  43  kv,  At  3.5  kv.  it  was  proportion- 
ately less,  although  it  is  \-ery  probable  that  the  noise  of  the  brush 
discharge  might  be  sufficient  to  throw  this  insulator  under  sus- 

Al  .'id  kv.  applied  an  internal  spark  suddenly  took  place.  The 
dillVrenic  in  the  sound  was  unmistakable. 

7W7.V  0)1  Insulator  No.  fi.  This  insulator  was  slightly  more 
dt-teriiivated  than  No.  5  in  that  both  skirt.s  3  and  4  measure  less 
limn  10  megohms.  The  needle  of  the  thousand-volt  megger 
went  against  its  zero  spot. 

Till'  t;amc  sound  of  brush  discharge  could  be  heard  on  this 
iniiulator  as  on  the  previous  one.  At  .50  kv..  however,  only  the 
brush  dischiirge  was  intensified  without  giving  any  sound  of 
itiicriiiil  sj)ark. 

Trsl.s  on  InsiiUilor  No.  7.  This  insulator  was  the  worst  of  all. 
having  the  2nd,  3rd.  and  4lh  skirts  all  meggering  too  low  to  read 
iin  the  tliousand-volt  megger.  On  this  insulator  very  little  sound 
iif  brush  discharge  could  be  heard  at  13  kv.  when  (>8  megohms  of 
scries  resistance  was  used.  Without  the  series  resistance,  how- 
ever, distinct  sounds  of  brush  discharge  could  be  heard  at  volt- 
ages as  low  as  15  kv.  At  43  kv.  and  no  scries  resistance,  there 
was  not  only  a  loud  noise  of  the  brush  discharge  but  also  a 
sui)cr!ir>scd  sound  of  higher  |)itch.  There  can  be  no  doubt  that 
!iv  this  niclhud  anv  operator  with  tlie  slightest  experience  could 
deteel  this  insulator  as  faulty. 

(inii-nil  i'omlioii'H.s.  These  data  lead  one  to  the  following 
tentative  cuiKUi^ioiis  regarding  this  method  of  test; 

1st.  The  mcthiid  apparcnth'  cannot  give  good  results  for 
porous  iiisulalor.s  with  either  air  or  water  in  the  pores  although 
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2nd.  Insulators  with  three  petticoats  out  of  four  defective 
showed  up  with  great  intensity.  Insulators  with  two  skirts  out 
of  four  defective  may  apparently  be  distinguished  in  many  cases 
provided  series  resistance  is  eliminated  by  making  the  telephone 
connection  near  the  insulator  pin. 

3rd.  Considerable  difficulty  will  be  encountered  using  the 
method  on  a  metal  tower  with  the  pins  grounded.  A  low  re- 
sistance telephone  will  then  be  desirable  and  possibly  a  gronjid 
connection  separate  from  the  tower  legs. 

4th.  Certain  conditions  on  the  line  will  make  the  method 
more  favorable  there  than  in  the  laboratory  tests,  such  as  quiet 
surroundings  and  more  high-voltage  surges.  On  the  other 
hand,  certain  disadv^antages  may  be  encountered  in  the  presence 
of  the  higher  harmonics  of  the  generator,  especially  the  11th, 
13th,  17th  and  19th  harmonics  which  correspond  to  12  teeth 
per  pair  of  poles  and  18  teeth  per  pair  of  poles.  These  harmonics 
will  be  more  or  less  magnified  by  the  capacitance  of  the  line, 
depending  upon  how  much  the  circuit  is  loaded.  Such  har- 
monics will  give  a  different  timbre  to  the  sound  in  the  telephone. 

5th.  The  laboratory  tests  would  indicate  that  roughness  in 
the  surface  of  the  Portland  cement,  such  as  might  be  caused  by 
the  presence  of  an  air  bubble  on  the  surface  of  the  porcelain  at 
the  time  the  cement  was  set,  might  cause  local  brush  discharge 
indistinguishable  from  the  noise  produced  by  a  defective  porce- 
lain. Such  a  local  spark  can  be  easily  reproduced  experiment- 
ally by  twisting  a  wire  around  the  metal  pin  of  a  suspension  in- 
sulator and  extending  it  out  a  fraction  of  an  inch,  leaving  the 
point  not  quite  in  contact  with  the  porcelain. 

6th.  With  all  that  has  been  said  regarding  the  possible  in- 
accuracies of  this  method,  it  still  remains  as  a  very  cheap  and 
simple  method  of  detecting  pin-type  insulators  which  are  in  an 
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THE  HIGH-VOLTAGE  POTENTIOMETER 


BY    HARRiS    J.    RYAN 


Abstract  of  Paper 

The  author  describes  a  high-voltage  potentiometer  which  may 
be  made  at  reasonable  expense  consisting  of  a  water  resistance 
potential  distributor  and  a  sparking  probe  potential  difference 
detector.  The  water  resistance  consists  of  a  column  of  water  mov 
ing  slowly  through  an  ample  length  of  garden  hose,  and  tapping 
in  points  through  which  to  connect  the  probe  are  provided  by 
breaking  the  hose  at  regular  intervals  and  connecting  it  with  any 
of  the  plain  metal  connectors  found  on  the  market  as  "hose 
menders."  The  results  of  an  integrity  trial  are  charted  in 
Fig.  2.  The  device  is  intended  for  investigations  in  which  the 
results  are  not  required  to  be  known  within  2  or  3  per  cent  of 
their  actual  value. 


THE  potentimoter  method  for  the  determination  of  altering 
potentials  or  for  the  measurement  of  alternating-voltage 
duties  requires:  1.  A  distributor  of  alternating  potential, 
identical  in  phase  and  wave  form  with  the  alternating  potential 
to  be  determined.  2.  A  satisfactory  potential  difference  de- 
tector to  determine  when  the  known  potential  from  the  dis- 
tributor matches  the  unknown  potential  to  be  measured.  For 
a  high-voltage  potentiometer  at  reasonable  expense  the  following 
types  are  feasible: 

A  source  of  synchronous  variable  voltage  that  matches  the 
voltage  to  be  measured  in  phase  and  wave  form;  requires  a 
phase-shifting  transformer  and  an  induction  regulator  or  a  suit- 
able multiple-tap  transformer. 

A  condenser  connected  to  the  high-voltage  source  having  a 
variable  potential  feature  as  follows:  A  fluid  dielectric  and  a 
potential  tapping  plate  electrode  that  may  be  moved  to  any 
position  between  the  main  electrodes  of  the  condenser,  or  a 
series  of  electrode  potential  plates  mounted  in  the  dielectric 
between  the  main  electrodes  at  uniform  intervals. 

A  chain  of  equal  water  resistances  connected  across  the  same 
high-voltage  source  as  the  test  specimen  from  which  any  re- 
quired potential  may  be  tapped. 
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There  are  two  types  of  detector  available: 

The  sparking  probe. 

The  Bennet  small  current  oscillograph.* 

In  the  sparking  probe  detector  advantage  is  taken  of  the 
fact  that  a  spark  occurs  at  a  pointed  electrode  when  used  to 
connect  two  condensers  charged  to  different  potential's.  This 
is  true  even  when  the  capacitances  and  differences  of  potentials 
are  small.  In  the  Bennet  detector  an  oscillograph  with  suitable 
auxiliary  equipment  is  used  to  observe  the  charging  current 
taken  by  the  insulator  system  under  observation,  and  to  note 
when  the  potential  applied  to  a  conductor  is  such  that  it  may  be 
brought  in  contact  with  a  metal  part  of  the  insulator  system 
without  disturbing  the  normal  value  of  such  charging  current. 

The  author  has  had  experience  in  the  development  and  use 
of  these  several  potential  distributors  and  the  sparking  probe 
detector.  He  has  had  no  experience  with  the  Bennet  detector, 
though  he  is  convinced,  from  his  own  experience,  that  such 
detector  will  yield  reliable  results.  Of  the  several  expedients 
specified  it  has  been  found  that  the  water  resistance  distributor 
and  the  probe  detector  constitute  a  convenient  and  reliable  high- 
voltage  potentiometer  that  may  be  constructed  of  common 
materials  with  ordinarily  skilled  labor  at  small  cost.  A  column 
of  water  moving  slowly  through  an  ample  length  of  garden  hose 
constitutes  the  resistance.  The  length  of  hose  required  for  a 
given  over-all  voltage  may  vary  considerably.  The  author  has 
used  one  foot  (30.4  cm.)  of  hose  per  one  thousand  maximum  range 
effective  volts.  Tapping-in  points  from  which  to  connect  the 
cable  leading  to  the  probe  are  provided  by  breaking  the  hose 
at  regular  intervals  and  connecting  it  with  any  of  the  plain 
metal  connectors  found  on  the  market  as  "hose  menders".  The 
illustration  in  Fig.  1  was  taken  from  a  photograph  of  one  of 
these  water  column  potential  distributors.  The  hose  is  of  the 
conunon  three-quarter-inch  (1.9  cm.)  variety,  75  ft.  (22.8  m.) 
long,  in  50  sections  of  18  in.  (45.6  cm.)  each.  It  is  formed  into 
a  cylindrical  helix  of  twelve  and  one  half  turns  on  a  diameter  so 
as  to  use  four  sections  per  turn  and  so  as  to  make  correspondini^ 
metal  connectors  line  up  in  four  columns  on  the  surface  of  the 
helix-cylinder.  The  turns  are  spaced,  insulated  and  held  to- 
gether by  strain  insulators  and  light  galvanized  steel  strands 

•Distributing  Potential  over  a  String  of.  Insulators.  By  J.  L.  Brenne- 
man  and  Harold  M.  Crothefs,  Electrical  Worlds  Vol.  64,  Dec.  5,  1914. 
p.  1095. 
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located  at  the  metal  connectors.  The  hose  starts'  at  the  bottom 
from  one  branch  of  a  supporting  cross  formed  of  three-quarter-in. 
(1.9  cm.)  galvanized  iron  pipe  and  a  five-way  fence-pipe  fitting. 
It  ends  at  the  top  in  a  branch  of  a  duplicate  pipe  structure. 
The  bottom  end  is  attached  to  the  water  supply  and  grounded 
if  this  water  connection  is  made  through  rubber  or  other  non- 
conducting hose.  The  branch  of  the  top  cross  is  connected  to 
one  of  the  high-voltage  source  terminals  and  extended  hori- 
zontally to  a  convenient  distance,  five  ft.  (1.5  m.),  and  ter- 
minated downward  in  a  common  sprinkler  nozzle.  The  open- 
ings in  the  nozzle  are  large  and  numerous  enough  to  permit 
ample  exit  of  water  without  pressure.  The  water  then  falls 
away  in  drops,  thus  breaking  the  circuit  that  would  otherwise 
be  formed  in  parallel  with  the  distributor  circuit. 

One  of  the  four  columns  formed  by  the  strain  insulators  is 
selected  for  mounting  the  tapping-in  terminals  of  the  conductors 
that  lead  through  the  interior  of  the  helix  to  their  corresponding 
metal  hose  connectors.  These  tap  conductors  are  made  of 
No.  10,  B.  &  S.  gage  galvanized  steel  wire.  To  make  probe 
connecting  terminals  at  the  outer  ends  of  these  tapping  wires, 
such  ends  are  formed  into  nearly  complete  rings  finished  with 
eyes  and  clamped  with  small  bolts  in  proper  order  around  the 
strain  insulators.  In  an  over-all  sense  this  construction  is  stra- 
tegic against  corona  formation. 

Ordinarily  75  kilovolts  will  set  up  50  milliamperes  through 
this  distributor.  The  amount  of  the  current  naturally  depends 
upon  the  temperature  of  and  the  impurities  in  the  water.  Obvi- 
ously variation  in  the  value  of  the  current  through  the  dis- 
tributor does  not  affect  the  integrity  of  the  potentiometer  results. 
It  is  only  necessary  in  connection  herewith  that  the  current 
shall  always  be  large  compared  with  the  charging  current  that 
passes  from  the  probe  cable  to  surrounding  objects.  The  length 
of  the  cable  used  with  this  distributor  is  ten  ft.  (three  m.)  Its 
capacitance  to  earth  does  not  exceed  0.000025  microfarads  and 
the  charging  current  liberated  from  it  at  75  kilovolts  to  earth 
is,  therefore,  not  more  than  seven-tenths  of  a  milliampere. 

The  development  and  study  of  these  various  forms  of  high- 
voltage  potentiometer  was  begun  in  March,  1912.  Many 
integrity  trials  of  them  have  been  made.  Some  of  the  results 
thus  obtained   have   been   published.*     The  water  resistance 

*High-Voltage  Potentiometers  Jour,  Electricity,  Power ^  and  Gas^ 
Vol.  34,  April  10,  1915. 
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'I'he  potentiometer  may  be  used  to  dctenninc  the  potential 
ill'  any  outline  or  surface  of  an  insulation  system  whereat  or 
where-on  a  metal  wire  or  sheet  may  be  mounted  and  to  which 
the  iiotcnlial  |»rol»e  can  be  applied.  Such  wire  or  sheet  is 
called  the  insulator  potrnlial  electrode.  In  general  the  cayiaci- 
tance  ol  the  insulator  potential  electrode  is  relatively  small. 
The  effect  of  the  ijrcscncc  of  the  probe  will,  therefore,  be  such 
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as  to  alter  the  potential  of  the  electrode  somewhat.  The  only 
result  thereof  is  to  widen  the  zone  of  potential  through  which 
the  detector  indicates  an  equally  good  balance.  This  effect 
occurs  alike  above  and  below  the  true  potential  of  the  insulator 
electrode  and  is  eliminated  by  reading  at  the  middle  of  the 
potential  balance  zone.  The  true  balance  must  often  fall  be- 
tween the  potential  taps  as  actually  provided  in  the  distributor. 
This  is  an  additional  cause  that  generally  prevents  a  tap  being 
found  at  which  absolutely  no  ])robing  spark  is  discernable  in 
full  darkness.  For  example  in  securing  the  results  charted  in 
Fig.  2  when  the  center  of  the  chain  was  located  seven  in.  (2.1  m.) 
from  the  surface  of  one  of  the  high-vc  Italic  conductors  a  faint 
but  definite  spark  occurred  between  the  |  robe  point  and  chain 
at  the  22  per  cent  tap  and  again  at  the  25  per  cent  tap;  23.5  per 
cent  of  the  line  voltage  was,  therefore,  given  as  the  reading  for 
the  potential  of  the  chain  in  this  position.  When  the  probe 
point  was  apj)Hed  to  the  chain  carrying  potential  tapjjcd  at  23 

and  24  per  cent  of  the  line  voltage,  barely 

discernable   sparks    i)assed;   they    did  not 

differ  in  recognizable  degree  showing  that 

\  ^  Potential       thc  truc  balancc  occurred  midway  between 
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mu  11.^1  u  v»i  the  oUvlrio  fields  in  the  air,  oil  or  within  the  solid 
vlivU\Liu\^  oi  aivv  system  of  insulation.  These  will  promptly 
.u/;<v\^i  UuMwselvos  to  anyone  likely  to  have  work  of  this  sort 
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AN  ARTIFICIAL  TRANSMISSION  LINE  WITH 
ADJUSTABLE  LINE  CONSTANTS 


BY    C.    EDWARD    MAGNUSSON    AND    S.    R.    BURBANK 


Abstract  of  Paper 

A  description  is  given  of  an  artificial  transmission  line  which 
can  be  readily  adjusted  to  represent  200  miles  (321.86  km.)  of 
commercial  transmission  lines  of  any  spacing  up  to  a  maximum  of 
120  in.  (3  m.)  and  any  size  wire  up  to  4/0  copper.  It  can  also 
be  made  to  correspond  to  aerial  or  cable  telephone  lines  and  to 
power  cables.  The  use  of  this  type  of  line  in  laboratory  courses 
on  transmission  line  phenomena  is  illustrated  by  a  number  of 
typical  experiments.  It  is  shown  that  quantitative  data, 
sufficiently  accurate  for  instructional  purposes,  may  be  obtained 
by  using  portable  voltmeters  and  ammeters  and  by  the  oscillo- 
graph. 


THAT  artificial  transmission  lines  can  he  used  to  advantage 
in  investigations  on  transmission  line  phenomena  is  well 
known.  It  has  been  proved  by  extended  research*  that  actual 
transmission  line  phenomena  can  be  accurately  reproduced  in 
laboratory  structures  and  that  the  theoretical  equations  cor- 
rectly express  the  quantitative  relations  between  the  line  con- 
stants, voltages,  currents,  time  and  space  phase  angles  and  other 
factors  that  enter  in  the  general  transmission  line  problem. 
Artificial  transmission  lines  have,  however,  been  used  only  to 
a  very  limited  extent  either  as  laboratory  apparatus  for  experi- 
mental work  by  students  in  power  transmission  courses,  or  by 
engineers  when  investigating  industrial  transmission  systems. 
Very  few  engineering  colleges  have  any  facilities  for  laboratory 
work  on  transmission  lines.  The  instruction  is  given  by  lectures, 
text-book  recitations  and  class-room  problems,  without  the  aid 
of  quantitative  laboratory  experiments.  As  a  consequence  com- 
paratively few  students  gain  a  clear  insight  into  transmission 
line  phenomena,  and  although  they  may  be  able  to  develop  the 
standard  equations  they  fail  to  comprehend  the  physical  phe- 
nomena involved  or  to  understand  what  actually  takes  place  in 
the  transmission  system.  That  quantitative  laboratory  experi- 
*See  Bibliography  on  page  1257. 
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ments  would  be  as  desirable  in  the  study  of  transmission  lines 
as  the  customary  experimental  work  in  courses  on  alternators, 
motors  or  telephones,  is  admitted.  The  difference  in  practise 
has  been  due  chiefly  to  a  lack  of  suitable  apparatus  for  giving 
laboratory  instruction  on  transmission  lines. 

The  purpose  of  this  paper  is  to  describe  the  design  and  con- 
struction of  an  artificial  transmission  line  adapted  to  the  re- 
quirements of  laboratory  apparatus  for  undergraduate  instruc- 
tional experiments  as  well  as  for  research,  and  to  report  a  few 
typical  experiments.  The  line 
has  been  in  successful  operation 
for  the  past  three  years  in 
the  Electrical  Engineering  Lab- 
oratories of  the  University  of 
Washington.  It  consists  of 
twenty  units  connected  in  series 
as  shown  in  Fig.  1.  Each  unit, 
Fig.  2,  is  complete  in  itself  and 
represents  approximately  ten 
miles  of  a  power  transmission 
line.  The  line  can  readily  be 
adjusted,  within  wide  limits,  to 
any  spacing  or  size  of  wire,  or 
converted  into  a  standard  tele- 
phone line.  The  wiring  dia- 
gram for  the  units  is  shown  in 
Fig.  3  and  for  the  complete  line  j 
of  twenty  units  in  Fig.  4.  The 
apparatus  represents  one  line 
to  neutral  and  can  therefor  be  ' 
used  in  experiments  on  either 
single-phase  or  polyphase  sys- 
tems. The  diagram  shows  that 
the  line  is  of  the  "  lumpy  "  type,  similar  to  the  artificial  line  at 
Harvard  University,*  with  the  condensers  connected  at  the  middle 
point  of  the  inductance  in  each  unit.  While  lines  with  uniformly 
distributed!  inductance,  condensance  and  resistance  comply 
strictly  with  actual  transmission  line  conditions  the  first  cost  and 
maintenance  are  much  greater  than  for  the  "lumpy"  type.  More- 
over the  latter  type  can  be  made  adjustable  so  as  to  represent 

'See  bibliography  Numbers  5,  6,  7,  and  8. 

tSce  Bibliography  Numbers  2  and  3. 


Fig.  3 — Wihino  Diagram  of 
Each  Unit 
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Inductance.  The  inductance  is  obtained  from  four  short  air- 
core  solenoids  arranged  in  a  square.  For  a  given  length  of  wire 
the  inductance  depends  on  the  dimensions  of  the  coil.  The  re- 
i^^^tiired  dimensions  were  obtained  by  means  of  Brooks  Formulaf. 
The  final  dimensions  of  the  coils  as  constructed  are: 

Mean  radius 2.20  inches  (5.59  cm.) 

Length  of  coil 2.15      "       (5.47  cm.) 

Thickness  of  winding 0.60      "        (1.52  cm.) 

Length  of  wire 250.  feet       (76.3    m.) 

Number  of  turns  (eight  layers  of  twenty-seven  turns  each) 216. 

The  mutual  inductance  is  very  nearly  8  per  cent  of  the  self- 
inductance  for  each  unit.  With  the  coils  in  position  the  measured 
value  corresponds  to  the  amotmt  required. 

The  inductance  in  each  unit  can  be  varied  by  turning  the  right 
hand  coil  and  by  using  the  taps  on  the  lower  coil.    Any  induct- 


TABLB  I. 
Unit  No.  15. 


Position  of 

Coils  in 

Series 

movable 
coil 

4 

3} 

3i 

3J 

3 

2 

0* 

0.0214 

0.0193 

0.0176 

0.0161 

0.0154 

0.0098 

45- 

0.0209 

0.0186 

0.0167 

0.0156 

90* 

0.0190 

0.0178 

0.0160 

0.0149 

185* 

0.0188 

0.0171 

0.0158 

0.0145 

180* 

0.0185 

0.0168 

0.0152 

0.0142 

ance  up  to  the  maximum  value  can  be  obtained  by  making  the 
proper  adjustments.  All  the  units  have  been  calibrated  showing 
the  inductance  for  five  positions  of  the  movable  coil  and  for 
four  taps  on  the  lower  coil  as  illustrated  in  Table  1. 

The  average  maximum  inductance  for  the  whole  line  is  0.0213 
henry  for  each  unit.  The  measured  inductance  for  the  several 
units  varies  from  0.021  to  0.022  except  for  unit  No.  2  which  is 
0.0197  henry. 

Condensance,  The  line  condensance  is  obtained  from  200 
standard  telephone  condensers,  type  No.  21-AA,  guaranteed 
to  stand  1000  volts.  Each  unit  has  ten  condensers  connected 
in  series  with  taps  brought  out  at  the  terminals  of  the  5th,  6th, 
7th,  8th,  9th,  and  10th  condenser.  Each  unit  has  been  calibrated 
and  the  results  tabulated  as  illustrated  by  Table  2. 

tUniversity  of  Illinois,  Bulletin  No.  53. 
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A  spark-gap  was  connected  across  the  condensers  as  a  pro- 
tection against  voltages  in  excess  of  the  rated  value  of  1000  volts 
per  condenser.     Under  resonance  conditions  this  protection  is 
necessary. 

Cost.    The  cost  per  unit  was  approximately  $24.00,  or  a  total 
of  $480.00  for  the  complete  line  of  twenty  units. 

Instruments.     For  accurate  measurements  an  a-c.  potentio- 

TABLE   II. 
Unit  No   16. 


Number  of  condensers  in  series. 

5 

6                     7                     8 

9 

10 

Microfarads 

0.182 

0.151             0.131             0.114 

0.102 

0.092 

meter  is  necessary  and  an  instrument  like  the  Drysdale-Tinsley 
alternating  and  continuous  current  potentiometer  gives  excellent 
results.  Unfortunately  the  potentiometer  is  expensive  and  re- 
quires more  skill  in  the  operator  than  can  be  expected  froip 
ordinary  students  in  power  transmission  courses.  Quantitative 
values,  sufficiently  accurate  for  instructional  purposes,  may  be 
obtained  by  means  of  ordinary  portable  voltmeters  and  ammeters, 


.Yj^. 


Reversing  Switch 


Rt 


Fig.  5 — Wiring  Diagram  for  Impulse  Oscillograms  in  Figs.  6,  7,  8, 

9,  10,  11 


for  numerous  experiments,  as  may  be  seen  by  comparing  the 
calculated  and  the  observed  values  in  several  of  the  experiments 
described  in  this  paper.  The  instruments  used  were  Standard 
voltmeters,  ammeters,  speed  indicators,  and  a  three-element 
oscillograph. 

Great  care  must  be  exercised  in  keeping  the  frequency  con- 
stant throughout  each  test.     Slight  changes  in  frequency  will 
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cause  considerable  changes  in  the  voltmeter  and  ammeter 
readings. 

Typical  Experiments,  The  experimental  data  have  been 
selected  from  student's  laboratory  reports,  and  credit  is  due 
Mr.  R.  Rader  for  Figs.  6,  7  and  8;  Messrs.  G.  S.  Palmer  and 
D.  K.  Chaudhuri  for  Figs.  13  to  18  and  20  to  27;  and  Messrs. 
S.  R.  Burbank  and  F.  T.  Yamada  for  Figs.  9  to  11  and  28  to  37. 

The  circuit  connections  are  shown  in  Figs.  5,  12  and  19  for 
each  experiment.  The  oscillograms  and  the  drawn  curves  are 
in  a  large  measure  self-explanatory.  In  all  cases  the  size  of  wire 
was  equivalent  to  No.  4/0  hard-drawn  copper.  The  spacing  was 
either  96  in.  or  120  in.  (2.4  or  3  m.)  as  noted  below  each  figure. 
Experiments  with  other  spacings  and  for  other  sizes  of  wire  gave 
similar  results. 

The  experiments  selected  may  be  grouped  into  three  divisions: 

1.  Sudden  impulses  impressed  on  the  line. 

2.  Voltage  and  current  readings  along  the  line.  Constant 
voltage  at  the  generator  end  and  constant  frequency. 

3.  Resonance. 

Group  1 

A  direct-current  generator  was  connected  to  the  primary  of 
a  transformer  and  the  line  to  the  secondary.  Between  the  gener- 
ator and  the  transformer  was  a  drop  switch,  Fig.  5.  Upon 
closing  the  switch  a  sudden  impulse  was  impressed  on  the  line 
from  the  secondary  winding  of  the  transformer. 

For  Figs.  6,  7  and  8  the  line  constants  were  jR  =  51.7  ohms, 
L  =  0.427  henry,  C  =  2.92  microfarads.  The  original  voltage 
and  current  impulses  with  the  reflections  are  shown  for  receiver 
end  open  in  Fig.  6  and  short-circuited  in  Fig.  7.  No  reflections 
appear  in  Fig.  8  when  the  receiver  has  a  resistance  equal  to 


\/^ 


ohms. 
C 

Calculating  the  length  of  the  line  from  the  line  constants  it 
should  be  equivalent  to  208  miles  (334.7  km.).  Measuring  the 
time  taken  for  the  impulse  to  be  reflected  from  the  receiver 
end  as  in  Fig.  7,  and  assuming  a  velocity  of  3  X  10^°  cm.  per 
second,  the  equivalent  length  of  line  was  214  miles  (334.4  km.). 
A  number  of  trials  gave  a  similar  discrepancy  of  approximately 
3  per  cent.  In  the  fall  of  1910  the  condensers,  a  cheap  grade, 
were  replaced  by  Type  21-AA  condensers.       Measurements  on 
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Fic.  8 — RscBivBk  End  Closbd  Through  ^^ 

Spuinii  -  130  in.  -  £o  -  104  v.  -  /„  - 


Fig.  9 — Receiver  End  Open 

ng  -BBin.  -K_  -  110  v.- /„  -  19.8  ai 
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oscillograms  taken  after  the  new  type  of  condensers  were  on  the 
line,  as  in  Figs.  9  and  10,  checked  more  closely  with  the  length 
calculated  from  the  line  constants.  Thus  for  Figs.  9,  10  and  11 
the  line  was  adjusted  for  a  spacing  of  96  in.  {2.4  m.)  The  line 
constants  were  R  =  52.9  ohms;    L  =  0,412   henry;     C  =  3.03 


Nl)  RESUH. 


microfarads.  From  the  line  constants  the  equivalent  li:ni;th  of 
line  was  208.5  miles  Cl^.'i.n  km.)  From  meitsuremcntH  on  the 
oscillogram  in  I"ig.  9  the  e([uivulent  length  was  20(i..')  miles 
(332.3  km.)  and  from  the  oBcilloj;ram  in  Fig.  10.  208  miles 
(334.7  km.)  A  slif;ht  leakage  in  tht;  first  set  of  condensiTS  prob- 
ably causL'd  the  retardation  of  the  elcL-tromagiielic  wave.     After 
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three  reflections  in  the  open  lire,  (Figs,  0  and  9)  tJie  transformer 
and  the  line  oscillate  together  causing  an  oscillatory  transient 


4w  fcwjt.--.-:.^  w  ■«>   >**  aatt  iLW  ^tibe  r-BWosde'r    it  R(«_ 
iK    15  fc-.       T    koti  Bmiia«*>r  i-x  i^  init  V'MAei  m-  ia  \->  iis«<r 

»«  :><v  ia«  u 


•:     S. "«"«    K    ;x  i?;  .K   :; 


iirrxii-n-' 


'  '  '.>.'ir.tin^  'A  :be  vo:t:=eter  across  tSc  line 
-  :  Vjr.v  in  ta<:h  case  a-i  cau&e5  discr-p-i^dp^ 
■.  :r;'i:'^*^  bv  tl'.t  dinerence  b^twetr.  the  drawn 
- ,     I'.T.XT^rr.'i  cire  r.^d  :o  be  exercised  in  keeping 


r  Chai 


y  '-.instrinl  for  eacli  set  of  readinf^s.  A  slight  chani;e 
■  will  miisf  ii  consiilfntlilf  chanj^c  in  tlie  receiver 
Die  line  iijieii.  This  is  readily  seen  by  coniparin}; 
vollanes  for  00,  100  and  120  cycles  in  Fi^s.  13.  15 
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Group  3 
In  obtaining  the  data  on  resonance,  two  single-phase  alter- 
nators were  used.     Alternator  A   gave  a  voltage  wave  which 
appeared  to  be  simple  harmonic  but  on  analysis  was  found  to 


have  a  small  third  harmonic,  about  one  per  cent,  of  the  funda- 
mental. The  shape  of  the  voltage  wave  of  alternator  B  is  shown 
in  Fig.  32,  consisting  of  a  fundamental  combined  with  a  28.2 
per  cent  third   harmonic  and  a  5.4  per  cent  fifth  harmonic.    The 
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V  f^':  c-^i'/v/:  :e^  :ti  securing:  ccmsistfTit  readings  at  all  frequencies, 
;ja'^.r.— .a-*"}  '.t'Tweei:  70  and  75  cycles.  Whh  the  generator 
\^»'tai-/:  ',•:  J^'^.K)  \-f.'lis  and  the  frequency  about  72  cycle?,  thecon- 
d':-:se^^   :'.   \:'::\    No.   2(J.   at    the   receiver  end.  were  punctured. 

''.  :'.■  e~v;;at:on  it  wa?  f'»i:nd  that  the  third  hamionic  caused 
'  V':  -    the  hne  and  that  the  rrceivtr  volta^ze  '»\'i?  creatlv 
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Fic.  24— Receiver  End  Open 

1   120  in.  -  /  -  120 C  "  2.96  m(.  -  L  -  0.427  h.  -  Bj  -  500  v.  -  E,  ■ 


Pig.  26 — Receiver  End  Loaded 

-  0.92  »mp.  -  Spwing   120  in.  -  /  -  100 C  -  a.Bfl  mt  -  L  -  0A27  b.  - 

£b-500v.  —  £r  -*00y.  -  /  -  1.12  smp. 


Fig.  27— Receiveh  End  Loaded 

Spwnns  120  in.  -  /  -  120  —  -  /f  -  1.01  amp.  -  L  -  0.427  h, 
£q  -  500v.  -  £r  -  SOO  V.  -  /  -  1,21  amp. 


[hugmusshin  and  ■urbakl] 
Fig.  29 — Receiver  End  Open 

Spacing  -Mm.-/  -  60 C  -  303  ml.  -  I  -  0A12  h.  ~  Eg  -  SOO  v.  -  E,  -  STOt. 
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in  Fig.  22,  or  at  72  cycles.  The  distortion  is  smaller  at  100  cycles, 
Fig.  23,  and  practically  disappears  at  120  cycles,  Fig.  24.  The 
line  constants  give  a  resonan're  frequency  of  222.2  cycles  and 
hence  for  the  third  harmonic  in  resonance  the  fundamental  fre- 


quency would  be 


222.2 


74  cycles. 


Similar  oscillograms  for  a  spacing  of  9C  in.  (2.4  m.)  and  for 
frequencies  of  60.  74  and  120  cycles  are  shown  in  Figs.  29,  30 
and  31.    The  third  harmonic  is  at  a  maximum  for  74  cycles. 

The  dampening  influence  of  the  load  on  the  receiver  end  is 
shown  by  comparing  the  voltage  and  current  waves  in  Figs.  25, 
26  and  27  with  the  wave  shapes  for  the  corresponding  frequencies 
in  Figs.  20,  23  and  24. 


Fig.  28— Resonance  Curves  with   Machine  Giving  n 
Wave  as  Source  (about  1  per  cent  Thikd  Hahui 


A  much  greater  distortion  is  produced  when  using  alternator  B. 
The  influence  of  the  frequency  for  resonance  conditions  of  both 
the  third  and  fifth  harmonics  arc  shown  in  Figs,  34,35,36  and  37. 

For  25  cjclcs,  Fig.  34,  the  receiver  voltage  is  practically  of 
the  same  shape  as  the  impressed  voltage  wave  at  the  generator 
end.  For  43.5  cycles  the  fifth  harmonic  produces  resonance 
and  causes  a  marked  distortion  of  the  receiver  voltage.  At  72.5 
cycles,  Fig.  37,  the  third  harmonic  is  near  resonance  and  the 
receiver  voltage  consists  chiefly  of  the  third  harmonic.  At  50 
cycles.  Fig.  36,  the  distortion  of  the  receiver  voltage  is  less  than 
for  cither  43..'>  or  72,  5  cycles. 

Not  only  the  wave  shape  but  also  the  magnitude  of  the  re- 
rei\'er  voltage  is  affected  by  the  resonance  of  the  harmonics  in 
thu  impressed  voltage  wave.     In  Fig.  28  is  shown  the  receiver 
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voltage  and  charj^ng  current  plotted  as  ordinates  with  the  fre- 
quency of  the  impressed  voltage  from  alternator  A  as  abscissas. 
The  voltage  at  the  generator  end 

of  the  line  was  held  constant  at  500  /  '^fmm  oscinogrim 

volts.    The  hump  in  the  curve  be- 
tween 70  and  80  cycles  is  due  to         //     W  ^""■'•""""i  '«>* 
resonance   produced  by  the  third 
harmonic. 

In  Fig.  33,  similar  voltage  and 
charging  current  curves  are  drawn 
for  alternator  B.  The  humps  insthhi 
the  curves  are  produced  by  reso- 
nance in  the  line  by  the  fifth  and 
third  harmonic. 

The    maximum    point    for   the 
fifth  harmonic  comes  at  43.5  cycles  ^ 
and  for  the  third  harmonic  at  72.5 
cycles.     The  great  increase  of  the 
receiver  voltage  for  resonance  in  the  third  harmonic  should  be 
noted;    while  at  85  cycles  the  measured  receiver  voltage  drops 


i     40     45      50      55      60     65      70      75      80     85" 
FREQUENCY  IN  CYCLES  PER  SECONDS 
Fig,  33 — Resonance  Curves  with  Machine  Givinc,  Peak  Wav: 
SouKCE— (5.4  PER  CENT  Fifth  and  28.2  per  cent  Third  Harmon 


to  a  comparatively  low  value,  although  considerably 
of  what  would  be  produced  by  a  simple  sine  wave. 
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Discussion  on  "An  Artificial  Transmission  Line  with 
Adjustable  Line  Constants*'  (Magnusson  and  Bur- 
bank),  Seattle,  Wash.,  September  6,  1916. 

L.  J.  Corbett:  In  connection  with  these  artificial  transmission 
lines,  I  presume  that  those  of  you  who  are  familiar  with  the  sub- 
ject, recognize  the  two  forms  which  have  been  in  use  for  the  last 
few  years,  the  "distributed"  type  and  the  "lumpy"  type.  The 
more  expensive  is  the  distributed  type,  which  is  actually  designed 
to  correspond  to  a  certain  line.  One  of  these,  the  first  I  believe, 
is  the  one  at  Schenectady.  The  wire  is  wound  on  glass  cylinders 
with  tinfoil  on  the  inside  surface.  The  cylinders  are  4^  feet 
long  (1.36  m.)  and  6  inches  (15  cm.)  in  diameter,  and  the  length 
of  line  that  each  represents,  is  about  one  half  mile.  It  would  take 
a  large  room  to  hold  a  representation  of  a  transmission  line  of 
even  moderate  size  compared  to  some  of  our  western  lines. 
Another  of  this  type  was  recently  brought  out  at  the  University 
of  California.  You  may  be  familiar  with  it.  The  cylinder  was 
made  of  wood  and  the  tinfoil  was  laid  upon  it;  then  followed  a 
layer  of  insulation,  then  a  layer  of  wire.  The  capacity  was  greater 
than  in  the  Schenectady  pattern,  so  smaller  wire  could  be  used, 
and  the  units  were  made  to  correspond  to  about  ten  miles  of  line. 
At  the  University  of  Idaho,  we  attempted  approximately  the 
same  thing,  using  built  up  paper  instead  of  wood  cylinders.  We 
modeled  our  line  after  one  of  the  lines  of  the  Washington  Water 
Power  Company,  and  constructed  a  unit  which  was  to  represent 
ten  miles  of  line,  but  during  that  investigation,  we  found  it 
rather  unsatisfactory,  because  it  was  difficult  to  get  the  con- 
stants to  correspond  to  the  calculations.  The  variations  in  the 
wire  might  make  our  resistance  vary  a  little,  but  we  could  adjust 
that  by  moving  our  contacts  farther  along  the  wire  to  get  the 
proper  value.  The  inductance  also  would  vary  slightly,  but  the 
greatest  difficulty  we  had  was  in  the  capacity.  With  such  a  unit 
it  was  necessary  to  cut  the  tinfoil  a  great  deal  to  avoid  induced 
currents  and  have  it  with  its  sections  not  continuous  around  the 
cylinder.  Even  then  the  effect  of  eddy  currents  was  so  noticeable 
that  the  line  would  have  a  different  capacity  at  one  frequency 
from  what  it  would  have  at  another.  So,  it  was  practically 
impossible  to  get  a  really  clear-cut  set  of  constants  on  such  a  line. 
Another  disadvantage  of  the  distributed  type  is  that  after  you 
once  build  your  line,  your  constants  are  fixed.  There  is  a  great 
advantage  possessed  by  this  lumpy  line  described  in  the  paper. 
While  some  do  not  approve  of  this  type  in  general,  because  of  the 
fact  that  it  does  not  actually  and  accurately  represent  the  trans- 
mission line,  this  one  is  adjustable  so  that  it  can  be  made  to 
represent  lines  of  various  spacing,  and  by  taking  measurements 
between  the  units,  a  very  true  picture  is  obtained  of  conditions 
on  the  line  at  points  ten  miles  apart.  I  would  like  to  ask  Prof. 
Magnusson  how  he  maintains  the  frequency  constant,  or  what 
instruments  he  uses  to  show  the  frequency  if  he  does  not  use  the 
vibrating  reed. 
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W.  D.  Peaslee:  I  would  like  to  ask  Prof.  Magnusson  about 
this:  Is  it  possible  to  pass  enough  current  through  the  line — 
that  is,  load  the  line  sufficiently — to  use  an  ordinary  laboratory 
synchronous  generator  as  a  synchronous  condenser,  and  illustrate 
to  the  class  the  use  of  the  synchronous  condenser  in  maintaining 
the  voltage  drop  constant  under  varying  conditions  of  load.  If 
it  could  be  made  of  sufficient  capacity  to  do  that,  without  undue 
heating,  that  would  be  a  very  valuable  addition  to  its  use.  The 
greatest  value  of  a  line  of  this  kind  is  the  ability  with  which  you 
can  reproduce  a  given  line. 

J.  D.  Ross:  Dr.  Magnusson's  paper  suggests  an  idea  that  is 
applicable  to  the  larger  central  stations.  The  university  faculties 
have  been  reaching  out  in  the  last  few  years  to  become  more  and 
more  practical.  All  of  us  have  observed  that  they  have  had 
considerable  success  in  doing  so,  and  I  often  wonder  if  the  large 
central  stations  are  reaching  out  on  the  technical  end  to  the  same 
extent.  I  do  not  believe  they  are.  I  think  our  testing  work 
is  often  poorly  arranged  and  under  too  many  departments.  We 
have,  for  instance,  the  testing  of  our  distribution  transformers 
under  one  man,  our  testing  of  inside  construction  under  another. 
Hydraulic  testing  done  by  one  man,  and  electrolysis  by  another, 
and  the  testing  of  meters,  of  course  by  a  meter  man.  Probably 
the  testing  of  meters  properly  belongs  in  the  meter  department. 
A  properly  constructed  laboratory,  constructed  along  the  lines 
of  all  general  testing  as  well  as  for  special  work,  like  this  paper 
brings  out,  would  be  the  proper  way  for  a  large  central  station 
to  arrange  this  work.  We  have  been  promising  ourselv^es  an 
oscillograph  for  some  time,  and  I  think  there  will  be  a  demand  in 
our  concern  for  an  artificial  transmission  line  such  as  Dr.  Mag- 
nusson describes,  especially  at  the  small  cost,  comparatively, 
that  he  estimates.  The  way  the  most  of  us  do  now,  instead  of 
going  at  the  cause  of  the  trouble,  and  removing  that,  is  to  try  to 
find  a  j)arlial  cure.  When  a  surge  comes,  on  our  lines  or  we 
repeatedly  have  troul)le,  we  attempt  to  put  on  some  ap])aratus 
that  may  cure  them  rather  than  find  their  cause  and  take  them 
away  altogether.  The  method  we  have  been  following,  for  in- 
stance, with  the  trouble  we  have  had  with  surges  in  our  high- 
tension  work  is  reallv  a  cut  and  trv  method. 


1 1  :*i 


.1  A-  A  HI  nU  iA I   ^A^■^  yS mission  line         (Sept.  6 


19161  DISCUSSION  AT  SEATTLE  1153 


Presented  at  the  Pacific  Coast  Convention  of 
The  American  Institute  of  Electrical  Engineers, 
Seattle,  Wash.,  September  8,  1916 


Copyright  1916.     By  A.I.E.E. 


CHARACTERISTICS   OF   ADMITTANCE   TYPE   OF 

WAVE-FORM   STANDARD 


BY    FREDERICK    BEDELL 


Abstract  of  Paper 

It  is  generally  agreed  that  a  sine  wave  of  electromotive  force 
at  generator  terminals  and  on  transmission  lines  is  best.  A  sine 
wave  is  now  specified  as  standard  by  the  Standardization  Rules 
of  the  Institute,  but  the  present  methods  for  prescribing  allowable 
limits  and  for  determining  how  near  an  actual  wave  is  to  a  true 
sine  wave  are  very  unsatisfactory.  The  Standards  Committee, 
through  a  sub-committee,  is  studying  the  subject  in  order  to 
ascertain  whether  a  standard  can  be  specified  that  will  be  more 
suitable  in  its  characteristics  and  more  practical  in  its  applica- 
tion. As  a  contribution  to  this  study,  the  characteristics  of  a 
certain  type  of  standard  are  here  set  forth. 

It  is  hoped  that  various  points  of  view  and  much  information 
may  be  brought  out  in  discussion,  which  may  be  on  the  general 
subject  and.  not  limited  to  the  particular  phase  discussed  in  the 
paper. 


Introduction 

ALTHOUGH  in  certain  respects  a  departure  from  a  sine  wave 
of  electromotive  force  at  generator  terminals  or  on  a 
transmission  line  may  not  be  objectionable,  it  has  been  found 
that  in  most  respects  such  a  departure  is  objectionable  to  a  ver\^ 
high  degree;  the  sine  wave  is,  therefore,  the  generally  recognized 
standard  or  ideal  that  all  desire  to  see  approached  more  and 
more  closely  as  the  art  of  electrical  engineering  progresses. 
The  troubles  tliat  are  caused  by  a  departure  from  a  sine  wave 
depend  to  a  considerable  extent  upon  the  frequency  of  the  har- 
monic or  harmonics  which  are  present  in  the  wave  in  addition 
to  the  pure  sine  wave  of  fundamental  frequency.  For  example, 
harmonics  of  a  certain  more-or-less  low  range  of  frequencies 
cause  trouble  in  the  parallel  operation  of  machinery,  while 
harmonics  of  a  somewhat  higher  range  cause  trouble  by  inductive 
interference  with  neighboring  telephone  circuits.  In  penalizing 
therefore,  a  departure  from  a  sine  wave,  it  becomes  necessary 
either  to  penalize  all  harmonics  equally,  or  to  endeavor  to  make 
the  penalty  fit  the  crime  and  to  prescribe  different  penalties  to 
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the  various  harmonics,  which  are  present  in  addition  to  the  fund- 
amental, according  to  their  frequencies. 

The  present  Standardization  Rules  of  the  Institute,  after 
stating  that  the  sine  wave  shall  be  considered  standard,  specify 
the  manner  (Rule  406)  by  which  the  so  called  "deviation"  from 
a  sine  wave  shall  be  measured.  This  measure  of  deviation  has 
been  found  generally  unsatisfactory,  not  only  because  it  involves 
expensive  special  apparatus  (commonly  an  oscillograph)  and  the 
services  of  a  man  expert  in  such  work,  but  also  because  even  in 
the  hands  of  an  expert  the  numerical  results  are  not  directly 
obtainable,  being  found  only,  after  a  kind  of  cut-and-try  or  jug- 
gling process. 

On  account  of  these  objections  to  ^'deviation"  as  a  practical 
measure  of  wave  distortion,  there  was  introduced  Rule  17*, 
which  defines  distortion  factor  without  specifying  the  numerical 
value  that  will  be  allowed.  It  was  doubtless  felt  that  experience 
was  needed  before  specifying  such  a  numerical  value;  but  ex- 
perience has  shown  objections  to  a  distortion  factor  as  defined 
in  Rule  17,  as  will  be  pointed  out  later.  Meanwhile  the  object- 
tionable  "deviation**  rule,  which  all  hope  may  soon  be  super- 
seded, still  persists. 

The  question  of  a  standard  for  wave  shape  has  been  discussedf 
before  the  Institute  on  several  occasions,  and  during  the  past 
year  has  been  the  subject  of  study  of  a  sub-committeef  of  the 
Standards  Committee.  This  paper  describes  certain  work  done 
in  connection  with  the  work  of  this  sub-committee.  It  is  not 
intended  to  be  complete,  nor  to  present  conclusions,  nor  to 
commit  the  members  of  the  committee  in  any  way.  Its  object 
is  to  bring  the  matter  to  the  attention  of  those  interested,  with 
a  view  to  obtaining,  through  discussion  or  correspondence, 
different  points  of  view  and,  so  far  as  possible,  to  ascertain  all 
the  facts  bearing  on  the  matter.     It  is  felt  that  to  attempt  to 

*Rule  17.  The  Distortion  Factor  of  a  Wave.  The  ratio  of  the  r.m.s. 
value  of  the  first  derivative  of  the  wave  with  respect  to  time,  to  the  r.m.s. 
value  of  the  first  derivative  of  the  equivalent  sine  wave. 

tA  Proposed  Wave  Shape  Standard,  by  C.  M.  Davis,  Trans.  A.  I.  E.  E., 
p.  775,  Vol.  XXXII,  1913;  discussion,  pp.  831-845.  Three  papers  on 
Irregular  Wave  Forms,  by  F.  Bedell  and  others,  presented  at  Deer  Park, 
1915,  Trans,  A.  I.  E.  E..  Vol.  XXXIV,  p.  1135. 

t  Messrs.  L.  W.  Chubb,  F.  M.  Farmer,  H.  S.  Osborne,  L.  T.  Robinson 
and  F.  Bedell,  Chairman.  Aid  in  the  preparation  of  this  paper,  and  in 
experiments  not  here  reported,  has  been  obtained  from  Messrs.  A.  Bailey, 
R.  Bown,  G.  E.  Grantham,  W.  G.  Mallory  and  P.  T.  Weeks. 
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standardize  wave  form  with  our  present  knowledge  would  be 
premature.  There  are  so  many  sides  to  tne  question,  and  the 
interests  involved  are  so  diverse,  that  it  is  only  through  wide 
spread  interest  and  discussion  that  all  the  facts  and  all  the 
aspects  of  the  case  can  be  brought  out.  The  scope  of  this  paper 
is  limited  to  the  characteristics  of  a  certain  type  of  standard  but 
the  discussion  may  be  more  general. 

Admittance  Standards 

Of  the  various  factors  that  have  been  discussed  before  the 
Institute  for  defining  the  distortion  of  an  alternating  wave,  the 
differential  distortion  factor,  (which  is  the  distortion  factor  of 
Rule  17,  as  given  above)  meets  the  requirements  of  a  commercial 
standard  perhaps  better  than  any  other. 

For  practical  purposes  this  factor  can  be  defined  in  terms  of 
the  admittance  of  a  condenser  as  follows : 

{Condenser  Admittance  Standard.)  The  distortion  factor  of  an  e.m.f. 
wave  is  the  ratio  of  the  admittance  of  a  condenser  supplied  with  that  wave 
at  its  terminals  to  the  admittance  of  the  same  condenser  when  supplied 
at  its  terminals  with  a  sine  e.m.f.  of  the  fundamental  frequency. 

The  objections  to  the  condenser  standard  are  three-fold: 
First,  the  wave  form  of  the  alternator  under  test  may  in  some 
cases  become  distorted  by  the  condenser  used  in  making  the 
test  on  account  of  resonance  between  the  condenser  and  the 
inductance  of  the  armature.  (This  resonance  would  be  for  some 
particular  harmonic  component  of  the  alternator  wave  and  this 
component  would  be  unduly  magnified  so  as  to  distort  the 
e.m.f.  form.)  Secondy  the  penalizing  of  lower  harmonics  is  too 
little  and  of  higher  harmonics  is  too  great.  Third y  for  accuracy 
the  condenser  circuit  must  contain  capacity  only;  hence  any 
resistance  or  inductance  of  the  ammeter  used  to  measure  con- 
denser current  introduces  error. 

These  objections,  however,  can  all  be  eliminated,  if  certain 
modifications  are  made  in  the  definition  of  the  standard  and  in 
the  method  of  test;  in  this  way  a  more  practical  and  a  more 
desirable  working  standard  can  be  obtained.  There  are  several 
ways  in  which  these  modifications  can  be  made,  leading  to  several 
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luiltaiur  ot  .i  spooilkHl  circuit  is  an  indication  of  the  wave  form 
o\  \o\[A\:c  iiupivssod  at  its  terminals  and  may  be  taken  as  a 
nu.ismr  i>t  \v.i\c  ilistortion. 

A  i:rtuMMl  (Iclinition  of  distortion  factor,  in  terms  of  the  ad- 
luiitanrc  o\   sduic  standard  circuit,  is,  accordingly,  as  follows: 

(i^c-nt-ral  Admittance  Standard.)  The  distortion  factor  of  an  e.m.f. 
\\a\  I*  IS  \\\v  ratio  of  the  admittance  of  a  specified  standard  circuit  supplied 
with  thai  wavo  at  its  terminals  to  the  admittance  of  the  same  circuit 
when  supphoil  at  its  terminals  with  a  sine  e.m.f.    of    the    fundamental 
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A  standard  circuit  consisting  of  resistance  only  would  be  im- 
possible, for  the  admittance  of  such  a  circuit  does  not  vary  with 
wave  form.  A  standard  consisting  of  an  inductance  only  would 
be  impracticable  (even  were  it  desirable),  for  the  admittance  on 
any  commercial  wave  would  differ  so  little*  from  the  admittance 
on  a  sine  wave  that  the  difference  could  scarcely  be  determined. 
For  the  same  reason,  a  circuit  consisting  of  R  and  L,  combined, 
would  be  impracticable.  Furthermore,  a  circuit  consisting  of 
L  and  C  with  no  resistance  (were  this  possible)  would  be  unsuit- 
able as  a  standard,  for  it  would  prohibit  absolutely  the  existence 
in  an  alternator  of  an  harmonic  of  a  particular  frequency;  for 
acceptance  of  an  alternator,  the  allowable  value  for  the  harmonic 
of  the  frequency  at  which  L  and  C  were  in  resonance  would  be 
zero,  as  seen  later  in  connection  with  the  curve  marked  **R  =  0" 
in  Fig.  2. 

This  leaves  as  possible  the  condenser  standard,  the  R  C 
standard  (which  is  the  condenser  standard  with  some  resistance 
added  in  series)  and  the  R  L  C  standard  (which  is  the  condenser 
standard  with  some  resistance  and  inductance  added  in  series). 
In  all  these  cases  the  condenser  is  the  predominant  element, 
that  is  there  would  be  but  a  small  difference  between  condenser 
voltage  and  line  voltage. 

The  condenser  standard,  without  resistance,  gives  a  chance  for 
error  in  measurement  (due  to  resonance  between  the  condenser 
and  armature  inductance)  as  already  pointed  out.  This  error, 
however,  may  be  reduced  and  practically  eliminated  by  the 
introduction  of  resistance.  We  have,  then,  to  choose  between 
the  R  C  standard  and  the  RL  C  standard,  and  the  choice  between 
these  two  should  be  made  after  comparing  the  characteristics 
of  each.  It  is  to  be  noted  that  the  presence  of  R  and  of  C  is 
essential ;  whereas  the  inductanccf  is  not  necessary,  being  added 
or  not  according  to  the  characteristics  that  may  be  found 
desirable. 

The  accompanying  curves  show  the  characteristics  for  various 
standard  circuits.  The  ordinates  for  each  curve  show  the  rel- 
ative amplitudes  that  are  allowed  by  the  various  standards  for 

*This  difference  is  only  a  fraction  of  one  per  cent;  thus,  if  the  admit- 
tance of  an  inductive  circuit  on  a  sine  wave  is  unity,  it  is  0.9952  on  a  wave 
having  a  fifth  harmonic  of  ten  per  cent  in  addition  to  the  fundamental. 

flnasmuch  as  the  RC  standard  should  be  free  from  inductance,  a 
small  error  is  introduced  by  inductance  in  the  ammeter;  with  the  RLC 
standard  this  error  may  be  avoided  by  including  the  inductance  of  the 
ammeter  as  part  of  the  inductance  of  the  standard  circuit. 
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harmonics  of  different  frequencies,  it  being  assumed  in  all  cases 
that  no  more  than  one  harmonic  is  present  The  mathematical 
relations  on  which  these  curves  are  based  are  piven  in  Appendix  I , 
As  a  basis  for  comparison,  a  curve  for  the  cnndenser  standard 
IS  shown  bythe  dotted  cur\-e  in  each  fijrure  The  scale  of  ordi- 
nates  is  relative,  the  absolute  values  depending  upon  the  specified 
value  for  the  distortion  factor.  Thus,  for  the  dotted  curves, 
a  distortion  factor  1.12  allows  a  fifth  harmonic  equal  to  10  per 
cent,  of  the  fundamental,  a  sf\-enth  harmonic  equal  to  about 
7^  per  cent,,  etc.,  the  allowable  amplilude  decreasing*  with  the 
order  o(  the  hannonic     The  fifth  harmonic  is  marked  for  con- 


ri>iii li.  ^oc  ■  •'•  ^-i  -y"  (approK.)  at  infinite  frequency.     Dotted 

•tVivtKv,     The  value  of  the  fifth  harmonic,   Ei,  for 
.dues  iif  distortion  factor,  d.  are  as  follows: 
I     0  0,^>  OOfi       0.07     0.08     0.09     O.lOO.ll        0.12 
.'      t  (i:f    1.0-t.J      l.0(i      1.08      1.10      1.12    1.14.')      1.17 
Inc  the  rurvi's  is  thus  determined  in  terms  of  distor- 


1. 


lid  ( 


sho 


the    charactenstics   of  the 
alues  of  R.  namely,   If,  3i 
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and  5  per  cent  of  cx)ndenser  reactance  at  fundamental  frequency. 
These  curves  approach  the  limiting  minimum  value, 

E^  =  5  £5  "v"  •  approximately. 

The  RC  standard  is  practically  free  from  the  objections 
given  for  the  condenser  standard  and  it  is  readily  assembled  from 
apparatus  commonly  at  hand.  In  this  respect  it  is  superior  to 
the  R  L  C  standard  and,  from  the  standpoint  of  practicability,* 
is  the  most  satisfactory  working  admittance  standard.  Whether 
its  characteristics  are  more  or  less  desirable  than  those  of  the 
R  L  C  standard  is  a  question  to  be  determined;  these  Jatter 
characteristics  will  now  be  discussed. 

The  current  flowing  through  a,n  R  L  C  circuit  at  constant 
voltage  increases  with  frequency  until  resonant  frequency  is 
reached  and  then  decreases,  as  is  discussed  in  various  text 
books. t  In  the  case  of  a  distorted  wave,  the  current  produced 
by  a  particular  harmonic  varies  in  a  like  manner,  a  fact  that  has 
been  made  usej  of  in  the  determination  of  the  amplitudes  of 
the  harmonics  to  which  distortion  is  due.  In  the  use  of  such  an 
R  L  C  circuit  as  a  standard,  it  is  not  necessary,  however,  to  go 
so  far  as  to  determine  the  numerical  values  of  the  harmonics 
that  may  be  present,  but  merely  to  make  sure  that  the  harmonics 
do  not  exceed  certain  specified  values. 

The  curves  in  Fig.  2  show  the  characteristics  for  s,n  R  L  C 
standard  and  correspond  to  the  curves  shown  in  Fig.  1  with  the 
addition  of  a  certain  inductance,  so  that  L  and  C  are  resonant 
at  a  particular  frequency,  in  this  case  1500  cycles.  Except  for 
the  inductance,  the  circuits  for  the  curves  in  Figs.  1  and  2 
are  identical.     It  is  seen  that,  in  Fig.  2,  the  curves  come  to  a 

definite  minimum  (approximately  5  £5  Tr)  at  the  resonant  fre- 
quency instead  of  at  infinite  frequency,  as  in  Fig.  1 ;   this  min- 

*With  the  possible  exception  of  the  effect  produced  by  ammeter 
inductance. 

tSee,  for  example.  Fig.  32,  "Alternating  Currents"  by  Bedell  and  Cre- 
hore,  1892. 

tSee  "Analysis  of  E.M.F.  Waves."  by  P.  G.  Agnew,  BuL  Bureau  of 
Standards,  p.  95,  Vol.  VI.,  1909,  where  the  use  of  a  series  RLC  circuit 
is  described;  for  another  arrangement,  see  articles  by  M.  I.  Pupin,  Am. 
Journ.  Sc,  pp.  379,  473,  1894.  Resonant  circuits  have  also  been  used  to 
determine  harmonic  currents  that  are  present  in  addition  to  direct  cur- 
rent in  trolley  circuits. 
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irrmm  value  is  determined  by  and  is  directly  proportional*  to 

the  resist amw 

It  will  \)c  seen  that  by  selecting  the  values  to  be  specified 
:,,r  (iist<)rti()ii  factor,  and  for  R  and  L  in  the  standard  circuit, 
t^(  characteristics  of  the  R  L  C  standard  can  be  adjusted  to  a 
wide  ran^^e  o\  ccMiditions.  The  minimum  of  the  curve,  which  is 
the  point  o\  maximum  penalty,    has   its  position   (i.e.,   the  fre- 
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the  allowable  values  for  the  lower  harmonics  being  determined 
solely  by  the  specified  value  for  distortion  factor.  For  the  lower 
harmonics,  the  dotted  curve  for  the  condenser  standard  is  seen 
to  coincide  practically  with  the  solid  curves  of  the  R  C  and 
the  R  C  L  standards.  It  is  thus  seen  that  the  constants  of  the 
circuit  have  a  material  effect  only  on  the  values  of  harmonics 
of  the  middle  and  higher  ranges. 

Fig.  2  shows  the  effect   of  varying  R  when  L   is    constant. 
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Fig.  3.  RLC  standard;  resonance  at  900,  1500  and  2100  cycles. 
Resistance  is  3  1/3  per  cent  of  the  reactance  of  condenser  at  fundamental 
frequency.     Dotted  curve  is  condenser  standard. 


(It  is  understood  that  these  values  are  not  absolute  but  are 
relative  to  the  value  of  C.)  The  intersection  of  the  dotted  curve 
with  one  of  the  solid  curves  at  resonance  is  due  to  the  fact  that 
in  this  case  the  resistance  had  a  value  equal  to  the  reactance  of 
the  condenser  at  resonance,  a  relation  discussed  further  in  con- 
nection with  Fig.  4. 

Fig.  3  shows  the  effect  of  varying  L  when  R  is  constant. 
Three  values  are  taken  for  L  giving  resonance  at  frequencies 
of  900, 1500  and  2100.  A  rapid  rise  in  the  curve  after  the  minimum 
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is  reached  is  objectionable  in  a  standard,  and  this  is  seen  to  be 
the  more  marked  the  lower  the  resonant  frequency. 

In  Figs.  2  and  3,  the  value  of  R  is  specified  in  terms  of  the 
reactance  of  the  condenser  at  fundamental  frequency,  and  accord- 
ingly is  different  for  25-  and  60-cycles  circuit.  As  a  result,  the 
ordinates  of  the  25-cycle  and  60-cycle  curves  are  equal  at  res- 
onant frequency;  the  amplitude  of  harmonic  allowed  is  thus 
constant  at  this  absolute  frequency,  irrespective  of  the  order  of 
the  harmonic  with  respect  to  fundamental  frequency. 
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Pig.  4.  RLC  standard;  resonance  at  900,  1500  and  2100  cycles. 
Resistance  is  equal  to  reactance  of  condenser  at  resonant  frequency, 
irrespective  of  fundamental  frequency.  Dotted  curve  is  condenser  stand- 
ard. 


Fig.  4  shows  the  characteristics  of  the  RLC  standard  when 
R  is  constant,  irrespective  of  the  frequency  of  the  circuit,  R 
being  equal  to  the  reactance  of  the  condenser  at  resonant  fre- 
quency. Curves  are  drawn  for  three  resonant  frequencies.  It  is 
seen  that  in  each  case,  in  Fig.  4,  the  curves  closely  follow  the 
dotted  curve  of  the  condenser  standard  up  to  the  resonant 
point.  Up  to  this  point,  each  curve  lies  just  below  the  ciu^e  for 
the  condenser  standard,  thus  imposing  a  slightly  greater  penalty 
on  harmonics  through  this  range. 
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Although  it  is  more  logical  for  the  value  of  R  to  depend  upon 
fundamental  frequency,  there  would  be  an  obvious  practical 
advantage  in  having  R  constant,  irrespective  of  fundamental 
frequency,  for  all  circuits.  If  R  were  made  equal  to  the  condenser 
reactance  at  resonant  frequency,  there  would  be  a  further  advan- 
tage that  the  resonant  distortion  factors  thus  defined  differ  little 
in  numerical  value  from  the  present  (differential)  distortion 
factor,  the  solid  and  dotted  characteristic  curves,  in  Fig.  4, 
following  each  other  closely  up  to  the  point  of  resonance,  where 
they  intersect;  resonant  distortion  factor  is  then  a  modification 
of  the  distortion  factor  of  the  condenser  standard.  Bait  such  a 
factor  would  be  open  to  the  objection  already  raised  to  the  con- 
denser standard,  namely,  that  the  lower  harmonics  are  not 
penalized  enough  or  the  higher  harmonics  are  penalized  too 


5 


I 


i^ 

'f 

k 

:   ^ 

= 

i 1 

' 

t2  24  36  48  60  72  84 

OROCR  OF  HARMONIC 


Pig.  5.  RC  standard;  the  same  as  Pig.  1  with  scale  changed  so  that 
curves  coincide  at  infinity.  Resistance  is  1  2/3  per  cent,  3  1/3  per  cent 
and  5  per  cent  of  reactance  of  condenser  at  fundamental  frequency. 

much.  By  increasing  the  value  of  R,  the  solid  curves  in  Fig.  4 
would  be  raised  in  the  region  of  resonance  in  the  same  manner 
as  in  Fig.  2. 

It  is  to  be  kept  in  mind  that  any  change  in  R  affects  only 
relative  values  of  the  allowable  harmonics  at  different  frequencies, 
provided  the  appropriate  numerical  value  is  assigned  to  the 
distortion  factor. 

A  comparison  of  Figs  5  and  6  with  Figs  1  and  2  may  make 
this  clearer.  Each  curve  in  Fig.  1  is  drawn  for  the  same  value  of 
distortion  factor,  this  causes  the  curves  to  practically  coincide 
at  low  frequencies  (irrespective  of  the  value  of  R)  and  to  diverge 
at  high  frequencies.  The  curves  of  Fig.  1  are  redrawn  in  Fig.  5, 
each  for  a  different  value  of  distortion  factor,  so  that  they  coin- 
cide at  infinite  frequency  and  diverge  at  low  frequencies.  In  a 
like  manner,  the  curves  of  Fig.  2  are  redrawn  in  Fig.  6,  with 
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different  values  of  distortion  factor,  so  as  to  coincide  at  resonant 
frequency. 

From  the  foregoing  study  it  will  be  seen  that  an  increase  in  R 
decreases  the  penalizing  of  the  high  harmonics  relative  to  the 
low  (or  increases  the  penalizing  of  the  low  harmonics  relative 
to  the  high),  the  absolute  value  of  either  high  or  low  being  not 
necessarilv  affected. 

It  should  be  ^noted  that  an  increase  in  resistance  tends  to 
decrease  the  sensitiveness  of  measurement;  thus,  in  Fig.  5  or 
6,  the  distortion  factor  might  be  changed  from,  say,  1.17,  with 
the  smaller  resistances,  to  about  1.05  and  1.02,  respectively 
with  the  larger  resistances. 

If  a  standard  of  the  admittance  type  is  deemed  desirable, 
there  are  many  points  to  be  decided  before  the  exact  specification 
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Fig.  G.  RLC  standard:  the  same  as  Fig.  2  with  scale  changed  so 
that  curves  coincide  at  resonant  frequency.  Resistance  is  1  2/3  per  cent, 
3  1/3  per  cent  and  5  per  cent  of  reactance  of  condenser  at  fundamental 
frequency,  or  KM)  per  cent,  200  per  cent  and  300  per  cent  of  reactance  of 
condenser  at  resonant  frequency. 

of  the  standard  can  be  determined.     Some  of  these  points  are 
as  follows:— 

1.  Shall  the  standard  circuit  be  a  simple  circuit,  as  described 
in  this  paper,  or  a  composite  circuit? 

2.  If  a  simple  circuit  is  to  be  adopted,  shall  this  circuit  con- 
tain an  inductance  and,  if  so,  how  much;  or,  in  other  words, 
what  shall  be  the  resonant  frequency? 

3.  How  much  resistance  shall  the  standard  contain ;  should  this 
resistance  be  different  for  circuits  of  diflerent  frequencies,  or 
should  it  be  the  same  for  all  frequencies? 

4.  What  numercial  value  of  the  factor  thus  specified  should 
be  allowed  in  acceptance  of  alternators? 

5.  What  details  and  what  load  conditions  conducting  tests 
should  be  specified? 
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APPENDIX  I 

Formulas  for  Distortion  Factors 

An  irregular  voltage  wave,  composed  of  a  fundamental  Ei 
and  harmonics  £3,  £5,  £7,  etc.,  has  a  r.m.s.  value 

£  =  (£i2  +  £32  +  £52  +  .  ,,yA 

If  Fi,  F3,  F5,  etc.,  are  the  admittances  of  the  standard  cir- 
cuit for  the  fundamental  and  for  the  several  hannonics,  respec- 
tively, the  current  taken  by  the  standard  circuit  when  subjected 
to  the  irregular  voltage  £,  is 

/  =  (£i2  F,2  +  £32  Fa'  +  £a-  ¥,'  +  ..  .)  >^. 

The  admittance  of  the  standard  circuit  on  the  irregular  wave 
is  //£;  its  admittance  on  a  sine  wave  is  Fi.  The  fonner  divided 
by  the  latter  gives 


Distortion  factor  —  ^rr  = 


iyi^miH^y^- 


Vi  +  £3^  +  £5-  +  . . . 

In  this  last  equation,  £1  has  been  taken  as  unity. 
When  only  one  harmonic  of  order  k  is  present 


Distortion  factor  = 


Vl  +  £V 


All  the  curves  in  this  j^aper  arc  determined  by  this  equation, 
by  giving  a  constant  value  to  distortion  factor  and  determining 
Ek  for  dilTerent  values  of  k. 

The  preceding  equations  are  general  and  apj^ly  to  any  standard 
circuit.      For   the   i)articular   case   of   the   condenser   standard. 


r       /   T  r  4-»  ^  -r       /T 
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i.irmonic  is  present, 

\^I  +  £*' 
i\  lit-  used  in  determining  the  dotted  cur\-es 


APPENDIX  U 

Measubeme.vts 
lliL-  object  of  this  paper  to  discuss  at  length 
.lfi;iils.  nor  to  bring  itp  various  questions  relating 
I'  .statement  concerning  test  methods  will,  how- 
„f  place, 

cc  of  a  standard  circuit,  when  supplied  at  its 

villi    the  voltage   under  lest,  is  readily  determined 

fiT  iind  voltmeter  readings.     Unles.s  an  electrostatic 

<  used,  the  ammeter  should  be  included  as  part  of 

■Jinl  circuit,  the  resistance  and  inductance  of  the  in- 

7  (unless   negligible)    bcin^;   included   in    the   ^pecitii-d 

I  li  ami  L  fur  the  standard. 

(Imitlance  of  the  Ktandaril  circuit  on  sine-wave  voltage 
iL-tL-rmined  either  by  calculation  or  by  voltmeter  and 
rwidinj^.s  when  sine  voltage  is  impressed  at  the  ler- 
fjf  the  standard. 
:  former  case,  it  is  necessarv  to  know  accurately  the 
values  of  KLC  antl  frequency,  and  also  the  absolute 
of  the  current  and  voltage  in  thi?  determination  of  admit- 
1  ihe  irrei;i.ilar  wave,  (".real  cure  is  therefore  necessary- 
L' deiien.iable  results, 
[the  latter  cjlio  the  \-;due  of  1/K  on  the  irregular  wave. 
led  liy  l/E  on  the  sine  wave  gives  the  distortion  factor. 
Keen  that  in  this  case  only  relalivi;  values  are  necessary,  as 
esull  is  a  ralii;;  fairly  aecnrale  results  can  be  obtained  even 
rather  crude  inslruincnls,  ])ruvided,  of  course,  that  the  read- 
un  the  irregular  w.'tve  and  the  sine  wave  are  both  taken  with 
ame  ammeter  and  voltmeter. 

sine  wave  sufficietilly  iiure  for  the  purpose  can  be  derived 
the  irregular  vnllage  wave  by  augmenting  the  fundamental 
One  way*  for  accomplishing 
lid  satisfactory  is  to  place  in  parallel  with 
i^ing  a  capacity  prefer- 
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ably  much  larger  than  the  capacity  of  the  condenser 
in  the  standard  (say  five  times  as  large)  and  to  place  a 
non-ferric  inductance  L'  in  series  with  the  combination 
of  C  and  the  standard  circuit  in  parallel.  The  inductive  re- 
actance of  L'  at  fundamental  frequency  should  be  greater  (say 
at  least  25  per  cent  greaterf)  than  the  capacity  reactance  of 
C  at  fundamental  frequency.  With  suitable  switches,  the  am- 
meter and  voltmeter  readings  giving  the  admittance  first  on 
the  irregular  wave  and  then  on  the  sine  wave  are  readily  taken ; 
the  ratio  gives  the  distortion  factor. 

The  numerical  values  of  distortion  factor  with  the  RC  or  RLC 
standard  will  differ  but  little  from  the  value  of  differential 
distortion  factor  5,  particularly  when  R  and  L  are  specified 
with  a  view  to  making  this  difference  small.  To  do  this  may 
be  worth  while,  in  view  of  the  fact  that  5  is  a  constant  of  de- 
finite theoretical  significance  and  of  use  in  certain  calculations.} 

It  may  be  pointed  out  that  the  measurement  oi  be  by  the 
split  dynamometer  method,  referred  to  in  one  of  the  Deer  Park 
papers,  is  also  practically  a  measurement  of  5,  inasmuch  as  the 
value  of  <r  is  so  nearly  unity, — more  than  0.995  in  most  cases. 
(For  this  reason  certain  objections  to  the  condenser  or  h  stand- 
ard hold  as  well  for  the  ha  standard.)  The  dynamometer 
reading  varies  as  the  product  of  the  current  in  the  two  windings. 
The  current  in  one  winding  is  derived  through  a  condenser  re- 
actance and  is  proportional  to  5/Cw;  the  current  in  the  other 
winding  is  derived  through  an  inductive  reactance  and  is  pro- 
portional to  Leo.  The  product  is  proportional  to  So*  and  is 
independent  of  frequency.  The  reading  of  the  instrument  is, 
however,  dependant  upon  voltage.  By  substituting  suitable 
resistances  for  the  reactances,  the  reading  of  the  instrument 
with  reactances  in  circuit  divided  by  the  reading  with  resistances 
in  circuit  gives  the  value  of  5  o"  irrespective  of  voltage  or  fre- 

*This  is  essentially  the  method  by  which  a  sine  wave  has  been  obtained 
for  the  Ryan  Cathode  Ray  Oscillograph;  see  Transactions,  A.  I.  E.  E., 
p.  539.  Vol.  XXII,  1903. 

The  Davis  method  {loc.  cit.)  is  a  particular  case  in  which  C  =  0. 
The  presence  of  C  reduces  the  size  of  L'  and  gives  a  resultant  sine  wave 
with  greater  accuracy  when  the  standard  contains  R  and  L  as  well  as  C. 
fStrictly  speaking,  it  must  be  greater  than  the  joint  reactance  of  C 
and  C  in  parallel.  It  should  be  enough  greater  to  make  sure  that  it  is 
greater  and  to  avoid  instability  of  readings  that  may  occur  when  inductive 
reactance  and  capacity  reactance  are  nearly  equal. 

tSee  Mizushi  paper.  Deer  Park,  Loc,  cit. 
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\  .  ..,  ..  ,...    ,   \,s<\vv^  .v^ui  lixHiucncy  ev^en  as  much  as 

,.    xw.vv  u>rtt\   iiictcr  has   been   made   more 

.  \  \'r,Lu  arnui^^'cmcnt,  two  dynamometers 
.  .'  •  x>^\'  mov  in^  system,  the  two  coils  of  one 
.s   '\  i'.i<  vunrnt  throu^^h  inductive  and  condenser 

v.-ssU\vl\.    the   two   coils   of   the   other,    through 

t  [k«  Nimplrr  single  split-dynamometer  has,  however, 

.1.1  S\   ilu"  writiM-  to  be  sufficiently  sensitive. 

!    _.v    u.itl\    ihr    split    dynamometer   gives    true    values   of 

^  ,,     M.  \    wluii  ilu'  two  reactances  have  zero  resistance,  a  con- 

I,  i.Mi   ihii    <A\\  br  api^roachcd  but  not  exactly  obtained.     By 

,.uiim.    ir.j.Liiut'  or  rcsistancc  and  inductancc  in  series  with  the 

...luKii.ri.    il    might  be  possible  to  make  the  readings  of  the 

III  1 1  iiiiuiil  .ipproximate  the  distortion  factor  of  the  R  C  or  RLC 

t.iinl.iul.    bill    these   possibilities   have   not   been  investigated. 
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Discussion  on  "Characteristics  of  Admittance  Type  of 
Wave-Form  Standard'*  (Bedell),  Seattle,  Wash., 
September  8,  1916. 

Joint  Committee  on  Inductive  Interference:  The  importance 
of  wave-form  as  a  factor  in  determining  the  extent  of  inductive 
interference  with  telephone  service  resulting  from  cases  of 
parallelism  of  power  and  telephone  circuits,  has  been  pointed  out 
on  several  occasions  by  this  Committee  and  by  others.  Its 
supreme  importance  from  our  point  of  view  renders  particularly 
desirable  the  adoption  of  a  suitable  method  of  measurement 
and  the  enforcement  of  the  lowest  practicable  limiting  value  of 
distortion  of  wave  forms  of  rotating  machinery  measured  by  such 
standard.  We  have  had  occasion  to  take  this  matter  up  with  the 
Standards  Committee  of  the  Institute  and  are  glad  to  note  the 
interest  manifested  by  the  Standards  Committee  in  undertaking 
a  study  of  the  subject  through  the  appointment  of  a  subcom- 
mittee, whose  Chairman  is  the  author  of  the  paper  under  dis- 
cussion. 

In  principle,  an  admittance  standard  for  determining  the  dis- 
tortion factor  of  an  e.m.f.  wave  appears  to  be  eminently  suitable 
from  our  point  of  view  and  has  a  great  advantage  over  methods 
which  require  a  tedious  analytical  or  cut-and-try  process.  As  to 
the  specific  type  and  constants  of  an  admittance  standard  and 
the  numerical  value  of  the  distortion  factor  which  should  be 
taken  as  a  limit,  our  present  information  does  not  warrant  us  in 
making  a  recommendation. 

The  first  and  most  difficult  problem  to  be  solved  before 
settling  upon  a  particular  circuit  to  be  employed  in  measuring 
the  distortion  of  wave  form  is  to  determine  the  law  expressing  the 
relative  detrimental  effects  of  different  harmonics  in  a  machine 
wave-form  under  representative  conditions  of  operation.  This 
involves,  besides  a  knowledge  of  the  variation  with  frequency  of 
the  damage  due  to  induced  current  in  a  telephone  receiver 
(physiological  effect),  a  consideration  of  the  distortion  of  wave 
form  of  voltages  and  currents  which  takes  place  between  the 
telephone  receiver  and  the  rotating  machinery  of  the  power 
system.  Doubtless  somewhat  arbitrary  assumptions  will  have 
to  be  made  in  evaluating  many  of  the  facts,  lines  in  the  chain 
between  telephone  receiver  and  generator.  However,  every 
effort  should  be  made  to  determine  this  law,  in  order  that  the 
relative  interference-producing  powers  of  various  machine 
wave  forms  may  be  known.  Only  through  this  knowledge  can 
improvement  over  present  conditions  be  most  economically 
made.  Given  the  law  expressing  the  relative  importance  of  the 
different  harmonics  in  a  machine  wave  form,  if  the  matter  of 
inductive  interference  is  to  govern  (and  we  believe  it  to  be  the 
most  important  consideration  usually  involved  and  the  one 
requiring  the  most  rigid  limitation  of  harmonics)  the  variation 
with  frequency  of  the  admittance  of  the  standard  selected  should 
follow  this  law  as  closely  as  practicable.     Though  our  present 
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v.-v^}o  oiivuits  described  in  Dr.  BedelFs  paper. 
>vsi  I'ho  disadvantages  of  a  complex  circuit  are  to 
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shows  several  curves  plotted  on  this  basis.  They  are  approxi- 
mately reciprocal  to  the  curves  given  in  the  paper  for  circuits 
with  the  same  constants. 

With  respect  to  the  five  questions  at  the  close  of  Dr.  Bedell's 
paper : 

1.  As  discussed  above,  a  composite  circuit  is  probably  desir- 
able. 

2.  If  a  simple  circuit  is  to  be  adopted,  the  inductance  should 
be  such  that  the  circuit  does  not  resonate  below  1500  cycles. 

3.  The  resistance  in  the  simple  circuit  should  be  as  small  as 
possible. 

4.  The  numerical  value  of  the  factor  would  have  to  be 
determined  after  careful  consideration  of  present  practise  and 
opportunities  for  improvement  in  design.  It  is  possible  that 
alternators  of  different  types  and  ratings  should  be  classified  in 
different  groups  and  different  factors  specified  for  each  group. 
For  example,  small,  slow-speed,  high-voltage  synchronous  motors 
might  be  allowed  a  greater  factor  than  large  turbine-driven 
generators,  for  the  reasons  that  the  wave-form  of  an  extensive 
network  is  generally  less  affected  by  a  small  motor  than  by  a 
large  generator,  and  the  suppression  of  harmonics  is  more  difficult 
in  the  former  than  in  the  latter  class  of  machines. 

5.  As  it  is  the  wave  form  under  load  conditions  in  which  one 
is  primarily  interested,  and  as  this  is  different  from  the  no-load 
wave  form,  tests  should  be  conducted,  as  far  as  practicable, 
under  conditions  simulating  those  under  which  the  machines  will 
operate.    We  realize  the  difficulty  of  so  doing  in  many  instances. 

Apart  from  the  consideration  of  an  admittance  standard  for 
determining  the  distortion  of  machine  wave  form,  there  may  be 
a  field  for  an  admittance  type  of  standard  in  determining  the 
equivalent  "noise-volts"  in  telephone  conductors  subject  to  in- 
ductive interference. 

H.  S.  Osborne:  Prof.  Bedell  has  pointed  out  that  the  selec- 
tion of  a  wave-shape  standard  involves  two  general  problems: 

1.  What  shall  be  the  relative  amounts  permitted  of  com- 
ponents of  different  frequencies. 

2.  What  numerical  values  shall  be  set  under  different  condi- 
tions to  the  standard  thus  defined. 

From  the  stand])oint  of  inductive  interference  in  telephone 
circuits,  the  relative  weighting  of  harmonics  of  different  fre- 
quencies is  of  importance  both  in  connection  with  the  considera- 
tion of  wave-shape  standards  and  for  practical  use  in  the  investi- 
gation of  induced  noise  in  telephone  circuits,  particularly  in 
considering  the  relative  effect  of  different  generators  or  other 
electrical  machinery  in  {producing  interference  in  a  given  parallel. 

In  considering  inductive  interference  it  is  evidently  the  fre- 
quency, rathe.r  than  the  order  of  a  harmonic  which  is  important, 
and  a  component  of  a  given  frequency  and  magnitude  is  of  equal 
importance  in  a  60-cycle,  in  a  25-cycle  alternator  and  in  a  direct- 
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Ai  tin-  Uvi  I'aA  ovwrntwrn  of  the  Institute  there  were  pre- 
M'liirvl  1 W  ix^iiIiN*  »•!  siwm*  proltmiiiary  work,  done  for  the  Joint 
i'.MHiHU^  01  IrnhMivo  Imorforence  of  California,  in  determin- 
ing «iw\vi">*U'h   thp  rclfltivc  amount  of  interfering  effect  of 
t,*yfl  »t».H»m<  .rf  i-Mmiits  of  different  frequencies  in  a  telephone 
■^\N-s-i> vv     T*««»-  irwilis  are  reproduced  in  curve  C  of  Fig.  2.    The 
■  .-'.invnt  |'i\'iluccd  in  the  telephone  circuit  by  one  volt 
,  >i-  i;i  iliv  power  circuit  is  approximately  proportional 
^'  ■.,■*,, mil  is  represented  by  curve  vi  in  Fig.  2,    Assum- 
,\phi"in'  terminal  apparatus  to  be  such  that  the  same 
i.i.,.",.)i..y.ri  I'l  I'lirn-nis  of  a!l  frequencies  pass  from  the  Hne  into 
ihv  u-tvplu<iK'  receiver,  the  relative  interfering  effect  of  one  volt 
,11  tUM'  a)ii(>frt'  of  different  frequencies  in  power  circuit  can  be 
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rcpresenit'd  by  curve  !>  in  Fi^;,  2.  in  which  eacli  ordinate  is  the 
produci  iif  ihe  corresyHmdini^  nrdinales  of  curve  A  and  curve  C. 
The  niirk  which  has  been  (l"ne  to  date  indicates  iliai  Ihe 
iriicrfcrint;crfccl  "fa  cnnipnund  wave  sliajie  can  be  represented  as 
llie  sqiiarc  ru'.l  cf  ilic  sum  nf  the  squares  of  the  ctTects  nf  ihe 
sine  coinpnncnis  of  ihc  wave.  An  interference  coefficient  of  an 
ahcniiuinj,'  ctirrctu-wavo  can  be  defined  as  proportional  to 

A'  =  \'T(Vf  Djj- 

whcrc  I'/  is  ilic  vi>lia!.;c  cntiipcnictu  of  the  wave  of  frequency  /, 
and  /'/  !.•■  the  cinlinate  of  curve  D  corres|)onditis;  to  that  fre- 
quency. 

By  arranj;iiiK  a  nieasuriii).;  instrument  in  a  network  so  that  the 
readint:snf  thi'  insiruinciit  will  he  i)ru])ortinnaI  to  K  a  very  simple 
methnd  is  nia<lc  a\iiilablc  fnr  ilelcnniiiint;  apiiniximatcly  the 
interference  cnelVicicnt  of  a  wave,  thus  avoiding  a  com|>licated 
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oscillographic  analysis.  The  arrangement,  beside  having  a 
transfer  admittance  at  different  frequencies  proportional  to  the 
ordinates  of  curve  D  must  have  a  high  impedance  at  commercial 
frequencies  if  it  is  to  be  used  with  ordinary  potential  transform- 
ers, must  give  a  measurable  current  through  the  branch  contain- 
ing the  measuring  instrument,  and  must  make  allowance  for  the 
impedance  of  the  instrument,  which  must  measure  the  effective 
value  of  the  current  flowing  through  it,  independent  of  frequency. 
An  experimental  arrangement,  worked  out  by  Mr.  H.  W. 
Hitchcock,   which   approximately  .  meets     these     requirements 
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Fig.  3 — Calibration  of  V'oltace  Wavr-Shape  Meter 
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is  shown  diagrammalically  in  Fig.  3,  which  also  shows  the 
degree  of  ap])roximalion  obtained.  The  particular  fonn  of 
network  here  shown  makes  use  of  a  suggestion  made  1)\^  Mr, 
Chubb  for  a  possible  wave-shape  standard.  The  measuring 
instrument  comprises  a  thermocouple  connected  to  a  d-c.  milli- 
ammeter.  The  instrtnnent  is  jjrovided  with  a  universal  shunt  for 
the  protection  of  the  themiocou[)le  against  excessive  currents. 
The  apparatus  is  provided  with  a  switch  by  means  of  which  the 
meter  can  be  connected  across  the  line  through  a  10,000-ohm 
resistance  so  as  to  measure  the  effective  voltage  at  the  terminals. 
In  most  practical  cases  this  is  near  enough  to  the  value  of  the 
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fundamental  voltage  so  that  it  can  be  used  as  the  fundmental 
without  excessive  error. 

The  few  results  which  have  so  far  been  obtained  with  this 
apparatus  are  very  encouraging.  In  the  following  table  are  given 
two  comparisons  between  the  noise  induced  in  the  telephone 
circuits  in  a  given  parallel  when  the  paralleling  power  circuit  was 
supplied  from  different  generators  and  the  readings  of  the  wave- 
shape meter  on  the  generators. 


Southhampton,  Gen.  No.  1 . 
Gen.  No   3 

Iowa  Gen.  No.  7 

••     Gen.  No.  8 


Reading  of  wave- 

shape meter,  milli- 

Noise  units  in 

amps.  per  volt 

telephone  circuits 

0  31 

170 

0.58 

350 

0  080 

1700 

0  043 

800 

The  proportionality  is  seen  to  be  very  good. 

The  noise  was  in  each  case  measured  by  the  means  regul^ly 
employed  by  the  Bell  telephone  companies,  in  which  the  noise 
in  the  telephone  circuits  is  compared  with  noise  of  fixed  quality 
and  variable  intensity  from  a  standard  source  of  tone. 

The  large  variations  in  the  interference  coefficients  of  the 
voltage  waves  of  different  generators  and  in  some  cases  the  very 
considerable  variation  with  load  are  indicated  in  the  following 
table.  The  last  eight  cases  of  this  table,  and  the  second  com- 
parison of  the  table  given  above,  are  taken  from  the  results 
obtained  by  the  Iowa  Inductive  Interference  Committee.  I 
wish  to  acknowledge  the  courtesy  of  the  Executive  Committee 
in  charge  of  this  work,  Mr.  W.  G.  Raymond,  Mr.  John  Drabelle, 
Mr.  R.  H.  Fair,  in  permitting  the  use  of  these  results. 


Reading  of 

wave-shape 

meter,  milli- 

Number  of 

Kv-a.  capac- 

amps. per 

phases 

ity  rating 

Load  kw. 

volt 

Remarks 

3 

200 

150 

0  30 

3 

300 

145 

0  59 

3 

300 

350 

0  24 

Same  machine  as  above 

Quarter 

250 

50 

0  070 

Quarter 

250 

100 

0  12 

Same  machine  as  above 

2 

100 

50 

0  70 

3 

150 

45 

0.037 

2 

50 

0 

0.068 

3 

50 

0 

0.52 

3 

300 

100 

0.080 

3 

200 

120 

0  043 

These  few  results  warrant  the  expectation  that  an  arrangement 
similar  to  this  will  in  the  future  give  very  valuable  results  in  the 
study  of  inductive  interference. 

In  establishing  a  standard  of  wave  shape  the  inductive  effects 
in  telephone  circuits  are,  of  course,  only  one  of  several  factors 
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which  must  be  taken  into  consideration.  Such  factors  as  the 
effect  of  harmonics  on  the  operation  of  power  circuits,  and  the 
difficulty  in  attaining  a  desired  degree  of  reduction  in  the  magni- 
tude of  voltages  of  any  given  frequency  should  be  included. 
Weighting  the  harmonics  proportional  to  their  frequency  has  the 
advantage  of  simplicity,  and  excessive  weighting  of  very  high 
frequencies  could  be  avoided  by  having  a  constant  weighting  for 
all  frequencies  above  two  or  three  thousand  cycles.  The  R,  L,  C 
standard  described  by  Prof.  Bedell,  with  the  condenser  predomi- 
nant at  fundamental  frequencies  with  resistance  equal  to  the 
condenser  reactance  at  resonance  and  with  a  high  resonant  point 
can  be  made  to  very  closely  approximate  a  standard  of  this  sort 
for  the  frequencies  commonly  generated  in  electrical  machinery. 

To  completely  cover  the  field,  it  would,  of  course,  be  necessary 
to  establish  standards  not  only  for  alternators,  but  for  motors, 
also,  for  d-c.  as  well  as  for  a-c.  machinery,  and  also  for  converters, 
rectifiers,  transformers,  and  other  electrical  machinery.  It  is  to 
be  hoped  that  it  will  be  found  practicable  in  time  to  cover  the 
whole  of  this  rather  extensive  field. 

L.  F.  Curtis;  I  would  like  to  ask  Prof.  Bedell  if,  in  order  to 
determine  the  order  of  the  harmonic,  as  well  as  its  amplitude,  in 
testing  an  e.m.f.  wave,  it  would  not  be  practical  and  desirable 
to  make  use  of  as  a  standard,  a  resistance,  inductance  and 
capacity,  with,  possibly,  a  variable  inductance,  calibrating  the 
unit  to  give  a  certain  amplitude  or  allowable  amplitude  of  wave 
with  varying  positions  of  the  inductance.  It  seems  to  me  that 
this  standard,  or,  rather,  piece  of  apparatus  could  be  calibrated 
with  a  sine  wave  to  show  the  amplitude  produced  for  different 
positions  of  the  inductance,  and  then  showing  with  the  wave  in 
question  the  additional  humps  or  peaks  induced  by  the  higher 
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quencies,  have  resonance  at  any  point  in  the  worse  range,  and 
limit  the  high  frequencies  almost  as  much  as  the  resonant  fre- 
quency. The  circuit  shown  in  Fig.  4  illustrates  this.  It  resonates 
at  1000  cycles  per  second,  and  limits  the  very  high  harmonics 
almost  as  much  as  it  does  the  resonant  frequency.  This  and 
other  similar  schemes  are  impractical,  because  the  ordinary 
electromagnetic  ammeters  have  inductance  and  the  thermal 
meters  are  not  accurate  enough  for  the  purpose.  Besides,  when 
deciding  whether  an  admittance  standard  is  desirable,  we  must 
decide  whether  the  composite  circuit,  with  more  difficult  testing 
requirements  and  better  penalties,  or  the  simi)le  circuit  with 
better  testing  and  poorer  penalty  curves  is  the  more  desirable. 

Generators  do  not  have  the  very  high  harmonic  frequencies, 
and  for  this  reason,  (since  the  standard  is  primarily  for  the  ac- 
ceptance of  machines),  it  w^ll  not  matter  whether  the  curve  turns 
up  at  high  frequency,  as  shown  in  Figs.  3  and  4  of  the  paper. 
If  the  curve  is  allowed  to  turn  up,  the  simple  circuit  with  reson- 
ance at  about  1000  cycles  seems  to  me  to  be  the  best,  if  suitable 
limits  can  be  agreed  upon. 


c, 
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R2 

Fig.  4 

A  =. Ammeter  Ci  =5  X  10  «  farad  Li  =0.02  henry 

Ri  =50  ohms  Ri  =83  ohms 

L.  T.  Metwin:  The  power  man  must  recognize  the  fact  that 
the  subject  matter  of  the  paper  is  to  become  of  exceeding  im- 
portance to  him,  not  only  on  account  of  the  increasing  importance 
of  inductive  interference  problems  that  are  constantly  arising, 
but  from  the  fact  that  our  power  systems  are  constantly  becoming 
more  complex,  and  he  w^ill  be  face  to  face  with  some  of  the 
problems  involved  in  this  paper. 

In  operating  his  system,  however,  he  will  not  be  so  much  in- 
terested in  the  form  factor,  as  outlined  in  the  paper,  as  he  will 
in  its  effects  on  some  com|)ositc  circuit  or  branch  circuit  with 
reference  to  some  particular  harmonic  that  may  be  present  in  his 
system.  This  will  come  from  the  fact  that  as  the  distributing  or 
transmission  system  becomes  more  and  more  com])lex,  the 
presence  of  hannonics  will  constantly  be  thrusting  themselves 
before  him.  No  doubt  but  that  the  power  man  in  the  past  would 
have  avoided  many  of  the  difficulties  that  have  come  uj)  if  he  had 
harmonics  arising  from  his  generators.  I  have  a  particular 
instance  in  mind  from  past  ex])erience  in  a  system  in  which  I  had 
operating  concern  and  at  the  time,  while  I  realized  in  a  vague  way 
what  was  happening,  I  was  unable  to  diagnose  my  trouble  in  a 
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and,  therefore,  a  million-cycle  wave  should  be  reduced  to  absolute 
zero,  putting  the  proposition  flatly  up  to  the  power  people  in  a 
way  that  is  impossible  of  commercial  solution.  I  personally 
know  that  it  is  possible  to  take  a  telephone  line  suffering 
from  inductive  interference,  and  by  proper  tuning  methods, 
damp  out  one  at  a  time  the  3rd,  5th,  7th  and  9th  harmonics. 
I  know  that  you  can  take  a  telephone  line  and  damp  out  these 
harmonics  for  a  distance  of  70  miles,  and  do  it  successfully.  The 
telephone  people  assure  us  that  these  methods  are  not  efficient, 
and  that  it  can  not  be  done  successfully.  That  is  not  true.  I 
know  it  is  possible  to  take  a  weak  telephone  current,  and,  by 
means  of  the  audion  amplifier,  step  it  up  to  considerable  propor- 
tions. I  am  firmly  convinced  that  one  of  the  solutions  of  this 
problem  will  be  wiping  out  these  harmonics  below  the  frequency 
of  the  voice  currents,  and  if  in  doing  so,  the  attenuation  of  the 
voice  currents  is  very  great;  I  see  no  reason  why  the  audion 
amplifier  will  not  step  up  the  pure  wave,  attenuated  as  it  is, 
and  pass  it  on  again.  That  is  a  point  on  which  the  telephone 
interests  are  not  giving  us  as  much  information  as  they  should. 
There  is  no  question  that  their  laboratories  are  working  on  this 
matter,  and  that  they  have  a  great  deal  of  valuable  information, 
but  it  is  like  pulling  teeth  from  a  cross  cut  saw  to  get  any  infor- 
mation from  them. 

The  only  possible  solution  of  this  problem  is  for  the  power 
companies  and  the  manufacturers,  and  the  telephone  people  to 
get  together,  and,  to  use  a  common  expression,  lay  their  cards 
on  the  table.  In  that  way  we  can  get  the  best  solution  possible, 
and  I  look  forward  to  the  day  when  this  will  occur,  because  of  the 
immense  improvement  in  the  situation  at  present  over  a  year 
ago. 

Harris  J.  Ryan:  There  must  be  a  standard  of  wave-fonn. 
We  have  long  since  found  such  to  be  the  case.  In  the  standardiza- 
tion rules  of  our  Institute,  it  seems  to  me,  as  I  recollect  now, 
from  the  beginning  virtually,  there  has  been  a  standard  of  wave- 
form but,  as  pointed  out  in  the  paper  it  is  not  satisfactory  for  the 
easons  there  given. 

It  seems  to  me  well  to  take  into  account  a  few  of  the  very 
broad  elements  in  the  matter.  The  telephone  interest  is  en- 
deavoring in  a  very  strong  effort  to  transmit  fundamentals  and 
harmonics  and  to  transmit  them  faithfully.  On  the  other  hand, 
the  power  interest  would  gladly  supply  electric  energy  in  funda- 
mental form  only,  and  discard  the  harmonics.  Any  extension  or 
amendment  of  our  ])resent  definition  of  wave-form  should  be 
undertaken  with  great  care  because  of  the  important,  deeply 
rooted,  widely  ramifvine  factors. 
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VU,U1>  |)it)>i>riittit  in  a  telephone  circuit  to  transmit  various 
IUHi»iMK'itw  ni  ihcir  rt-laiive  proportions,  which  are  wiihin  the 
iiiii^i-  I'f  ihf  disturbing  frequencies,  in  order  that  undistorted 
a|>cr.'}i  iii.n  ri'suli.  This  Statement  in  itself  answers  Mr.  Peaslee's 
ii\im;r  liiTi,  lor  if  dr;iin;i(;e  devices  are  used,  certain  currents  of 
viiiri'  tH'i|iK'iu'y  which  are  identical  with  the  distiu-bing  frequen- 
I'it-s  will  iilso  lit-  drained  off.  Therefore,  even  though  an  amplify- 
m\!_  divitf  lic  used,  il  is  obvious  that  the  relative  proportion  of 
(ri'ijiii-ncii--.  ill  the  voice  current  mil  noi  be  the  same,  hence 
ili-1iir1i-d  -.pwch  will  result,  Again,  consideration  must  be  given, 
v\vii  [hniiy^h  "iuch  a  Scheme  were  feasible,  to  the  number  and  com- 
]il(-xii\'  'if  ti'icphone  circuits  in  use,  to  which  it  would  be  necessj 
lMii|iply  -uch  a  device. 

L.  T.  Merwin:  Mr.  Masticfc's  reference  was  to  some 
cnidf  experiments  that  I  had  been  carrying  on  with  our  own 
telephone  line,  which  is  on  the  same  supports  as  our  66,000-volt 
cffnductors  for  a  distance  of  approximately  70  miles.  These 
cxiffriments  consisted  of  the  shunting  out  of  the  lower  harmonics 
iha!  were  particularly  distressing;  so  much  so,  in  fact,  that  it 
made  the  use  of  our  own  telephone  wstem  for  disjvaiching, 
txtremely  inaitequate.  As  a  matter  of  fact  il  was  almost  non- 
usable  uniii  we  had  devised  after  much  '^lumhlin"  com 
I  iMte  fom  nl  hunt^  tha  would  effect  \el  shunt  out  the  3rd 
■)lh  and  th  hinn  nic  inlthe^ltl  it  t  were  ode  red  It  wa 
remarked    h      Illn      tininhrmncnl  hcOhb 

n  erl  red  n  in  v.  a  n  h  sat  stactor  communication  and 
ha  h  le  ilk  ng  nth  a  i  irt  cular  operator  of  Sw  ed  sh  nat  onal 
I  t  wa  I  er  ed  tl  at  the  ntel!  gib  1 1  t  h  peecl  \as 
re  rk  11  cre-i  cd  No  t!  it  i  a  i  ac  ual  fict  and  cin  be 
1       I     Mr  Pel  I  e      d  I    h  nk  h    Mr  Con  1       he  i  ten 

n      i      h         h  m  I  calle  1  to   h    ;  ecul    r  \  henomenon     I  am 
n  I  h       n  n    o  c       un  1   o  er  h     1  ne 

I         1 1 1  ke       e      1  a   7    a  I     nt  1  r    i  1 1      t  b    Mr   Pea  lee 
h^  11  he      lu  1  n  oi  thi    [  roblen      cr        ■\  enill 
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power  operator,  the  telephone  operator  and  the  manufacturer; 
their  several  points  of  view  should  be  harmonized,  weighed  and 
balanced  and,  if  possible,  a  result  obtained  that  meets  the  views 
of  all  of  the  people  concerned  so  far  as  possible.  It  has  also  been 
pointed  out  by  several  of  the  speakers  that  it  is  an  economic 
or  commercial  question,  and  that  is  true.  By  paying  more  and 
more  money  you  can  obtain  better  and  better  apparatus,  and 
better  and  better  service,  and  there  again  it  is  a  question  of  weigh- 
ing and  balancing  the  importance  of  cost  versus  service.  Mr.  Curtis 
asked  a  question  as  to  whether  wave  analysis  could  not  be  made 
by  an  R,  L,  C  circuit  by  varying  the  inductance  so  as  to  show  the 
amplitude  of  particular  harmonics.  This  method  of  analysis  has 
been  carried  out  and  a  reference  on  the  subject  has  been  given  in 
the  paper.  The  method  has  been  used,  I  believe,  in  recent  in- 
vestigations by  the  Joint  Committee  on  Inductive  Interference, 
and  I  believe  has  also  been  used  in  the  laboratory  of  manufactur- 
ing companies  in  the  study  of  this  problem.  Mr.  Merwin  sug- 
gested that  the  telephone  people  should  state  definitely  the  nu- 
merical values  that  would  be  permissible  for  various  harmonics. 
This  can  hardly  be  done.  If  you  cut  a  particular  harmonic  to, 
say,  half  its  value,  it  will  improve  the  service ;  if  you  cut  it  to  say, 
one-fourth  its  value  it  will  improve  the  service  still  more,  and  so 
on ;  so  it  seems  no  matter  how  good,  within  practical  limits,  you 
can  get  the  wave  form,  the  telephone  service  would  still  be  im- 
proved by  further  improvement  in  the  wave  form.  In  other 
words,  it  would  be  desirable  to  reduce  the  harmonic  from  the 
telephone  standpoint  even  beyond  the  practical  limit.  It  does 
not  seem,  therefore,  that  we  can  get  at  that  in  just  that  way. 
We  can  get  a  standard  which  approximately  gives  the  proper 
law  of  penalizing;  we  should  make  it  not  too  hard  at  first  so  it 
wont  be  an  undue  hardship  on  any  one;  then,  with  the  general 
scheme  standardized,  the  numerical  values  of  the  standard  can 
be  adjusted  little  by  little,  so  as  to  put  on  the  screws  gradually 
from  year  to  year,  so  that  they  will  not  pinch  too  much  and  yet 
will  bring  the  pressure  where  it  seems  desirable.  It  will  be  under- 
stood that,  in  the  paper  and  in  the  discussion  by  the  author  and 
by  other  persons  on  the  subcommittee  that  have  been  dealing 
with  the  subject,  neither  the  Standardization  Committee  nor  the 
Sub-committee  is  committed  in  any  way.  It  was  the  purpose  to 
have  this  open  discussion  so  as  to  bring  out  the  facts. 
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BY    W.    D.    PEASLEE 

Abstract  of  Paper 

The  operation  .of  a  high-voltage   transmission   line  invoK 
changes   in    energy   distribution    that   are    very   conducive 
high-frequency  disturbances  and  transients  of  very  steep  fror 
These  are  often   superposed  on   the  normal   frequency  voltaj 
of  the  line  in  such  a  way  as  to  impose  great  stresses  on  th 
insulators. 

The  mechanism  of  failure  of  an  insulator  is  of  great  importance 
to  those  designing  and  operating  transmission  lines.  This 
paper  presents  the  results  of  recent  investigations  on  the  failure 
of  insulators  under  impact  and  combined  impact  and  normal- 
frequency  voltages.  Microphotographs  of  the  resulting  failures 
are  included. 

The  breakdown  of  a  dielectric  involves  energy  which  is  a 
time  function  and  the  importance  of  the  duration  of  the  stress 
in  determining  the  magnitude  of  the  voltage  necessary  to 
puncture  an  insulator  is  discussed. 

Due  to  the  short  duration  of  transients,  insulators  are  often 
punctured  repeatedly  by  them,  the  procelain  in  the  puncture 
solidifying  again  on  account  of  the  small  energy  involved. 
These  sealed  punctures  however  weaken  the  insulator,  lowering 
its  dielectric  strength  materially. 

The  importance  of  the  elimination  of  air  holes  and  defects 
in  the  porcelain  is  shown. 

Some  essential  features  of  a  successful  line  insulator  are 
stated. 


Introduction 
A  PARTICULAR  dielectric  will  be  rui)tured  or  broken  d( 
^~^  when  the  dielectric  flux  density  exceeds  a  certain  value 
this  flux  concentration  lasts  for  a  finite  time.  It  is  necessary  1 
the  time  of  application  of  the  stress  be  finite,  as  any  breaking  d< 
of  a  dielectric  involves  energy  which  is  a  time  function.  '] 
has  been  well  shown  by  the  experiments  of  Peek*,  and  other 
the  study  of  corona  formation,  and  it  has  been  shown  t 
under  transient  voltages,  the  shorter  the  time  of  applicatioi 
the  stress  the  greater  the  voltage  necessary  to  produce  bi 
down  of  the  dielectric. 

Thus  the  breaking  down  of  porcelain  '^'-' 
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for  a  period  of  time  great  enough  to  permit  the  accumulation 
of  sufficient  energy  to  destroy  enough  of  the  porcelain  to  punc- 
ture the  insulator,  and  the  shorter  the  time  of  application  of  the 
voltage  the  greater  will  be  the  necessary  voltage  to  produce 
break  down. 

In  a  study  of  insulator  failures  it  will,  then,  be  essential  not 
only  to  consider  the  voltage  applied  to  the  insulator  but  also 
the  duration  of  the  voltage.  If  a  transient  voltage  of  very  short 
duration  measured  in  micro-seconds  be  applied  to  a  dielectric, 
such  as  porcelain,  of  sufficient  value  to  rupture  it,  with  very 
little  power  behind  it  we  might  expect  to  find  the  porcelain  punc- 
tured, but  since  the  time  of  the  transient  is  very  short  the 
energy  involved  is  small  and  therefor  the  destructive  effect  very 
local.  Thus  we  might  expect  to  find  the  porcelain  melted  over 
a  very  small  path  and  solidifying  again  immediately  upon  the 
removal  of  the  transient  leaving  the  insulator  in  nearly  as  good 
condition  as  it  was  before  the  application  of  the  puncturing 
voltage.  However,  due  to  the  short  duration  of  the  transient 
voltage  and  the  instant  solidifying  of  the  porcelain  some  im- 
purities would  be  carried  into  the  porcelain  and  sealed  there, 
thus  weakening,  to  a  certain  extent,  the  dielectric  strength  of 
the  insulator. 

If,  however,  simultaneously  with  the  application  of  this  tran- 
sient we  should  apply  a  60-cycle  voltage  of  sufficient  value  to 
follpw  the  path  which  the  transient  voltage  had  broken  through 
the  insulator,  and  with  sufficient  power  behind  it  to  keep  this 
path  in  a  molten  condition  the  power  arc  would  be  maintained 
through  this  path  and  the  insulator  destroyed. 

Whenever  a  steady  condition  of  a  circuit  containing  induc- 
tance and  capacitance  is  disturbed  there  is  set  up  an  oscillatory 
transfer  of  energy  from  the  electromagnetic  to  the  electrostatic 
fields,  or  vice  versa  with  a  concommittant  change  in  voltage  or 
current  conditions  or  both.  The  character  of  the  change  is  de- 
pendent upon  the  relation  between  the  resistance,  inductance 
and  capacitance  in  a  manner  familiar  to  all  electrical  engineers. . 
In  a  high-voltage  transmission  line  we  have  the  distributed  in- 
ductance and  capacitance  of  the  line  and  lumped  inductance 
(transformers),  and  lumped  capacitance,  (lightning  arresters 
and  high-tension  transformer  windings).  These  form  a  circuit 
that  is  highly  susceptible  to  oscillations  and  responds  very 
readily  to  disturbance  of  the  steady  condition.  Thus  an  arcing 
ground  may  cause  large,  relatively  low-frequency  surges  and 
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trains  of  high-frequency  waves,  the  damping  of  which  depends 
on  the  resistance  of  the  oscillatory  circuit.  The  frequency  of 
the  oscillations  in  this  case  will  depend  on  the  inductance  and 
capacitance  of  the  oscillating  circuit,  so  on  the  location  of  the 
arcing  ground.  Thus  it  will  be  seen  that  an  arcing  ground  may 
produce  oscillations  of  widely  varying  frequency  and  varying 
in  damping  from  well  sustained  wave  trains  to  abrupt  front 
transient  impulses.  In  the  same  way  a  **  spill  over  "  of  an 
insulator  or  the  charging  of  a  lightning  arrester  may  subject  a 
line  to  oscillations  of  voltage  or  current  or  both.  The  operation 
of  switches  especially  of  the  air-break  type  is  also  often  pro- 
ductive of  vicious  transients. 

Since  then  a  great  many  of  the  phenomena  attendant  upon 
the  operation  of  a  modern  transmission  line  involve  the  super- 
position upon  the  sixty-cycle  voltage  of  transients  or  highly 
damped  high-frequency  wave  trains,  a  knowledge  of  the  eilects 
of  these  transients  on  the  insulators  of  the  line  is  of  great  im- 
portance and  the  investigation  upon  which  this  paper  is  based 
was  undertaken  to  discover  if  possible  the  elTect  of  these  trans- 
ients, and  from  these  eftects  to  determine  advisable  precautions 
in  the  manufacture  and  use  of  high-voltage  insulators. 

It  has  been  shown  by  Ryan*,  that  the  eflect  of  the  super- 
position of  a  radio-frequency  sustained  wave  train  on  an  audio- 
frequency wave  is  to  give  the  combination  a  striking  distance 
in  air  equal  to  the  sum  of  the  sj^arking  distances  of  the  two 
separately.  If  then  we  superpose  transient  voltages  upon  a 
normal-frequency  wave  the  stress  imposed  by  the  combination 
will  vary  between  the  limits  represented  by  the  sum  of  the  max- 
imum transient  and  maximum  GO-cycle  voltages  and  their  dif- 
ference, according  to  the  jxirt  of  the  cycle  of  the  normal  frequency 
wave  in  which  the  transient  occurs,  being  the  sum  if  a  positive 
transient  coincides  with  the  positive  maximum  of  the  sixty  cycle 
wave  and  the  dilYerence  if  it  coincides  with  the  maximum  of  the 
negative  half  wave.    At  any  other  point  of  coincidence  the  elTect 
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impulses  each  consisting  of  the  positive  half  of  a  750,000-cycle 
wave  will  be  likely  to  fall  within  this  interval.  If,  when  this 
does  occur,  the  summation  of  the  two  voltages  is  sufficient  in 
amount  and  duration  to  puncture  the  insulator  the  power  arc 
would  be  very  likely  to  follow  the  transient,  blowing  out  the 
melted  porcelain  before  it  could  solidify,  thus  permanently 
puncturing  the  insulator.  It  will  be  readily  appreciated  however 
that  a  transmission  line  might  be  operated  for  several  years  with- 
out this  coincidence  occurring  and  further  that  it  might  occur 
very  locally  and  so  effect  only  a  few  or  even  single  insulators. 

Method 

An  insulator  of  the  type  shown  in  Fig.  1  was  selected  because 
of  the  zone  of  the  flux  concentration  in  the  plane  at  section  AB 
and  because  the  dielectric  flux  concentration  near  the  pin  in 

the  inner  petticoat  was  about  seven 
times  that  near  the  cap  in  the  outer 
petticoat.  For  the  purpose  of  the 
test  the  cement  can  be  considered  as 
a  perfect  conductor  and  the  manu- 
facturers claimed  a  specific  inductive 
capacity  of  4.8  for  this  porcelain. 
Knowing  these  constants  the  dielec- 

_  ,  trie  field  can  be  drawn  to  scale  and 

Fig.  1 — Type  of  Insulator     ,      j.      ^.  r  xt_    i-  t  c  j 

Used  in  Tests  ^^^  direction  of  the  lines  of  force  de- 

termined as  indicated  roughly  in  the 
figure.  This  insulator,  designated  as  No.  1,  and  another  of 
somewhat  similar  design  (No.  2)  and  a  66,000-volt  triple-petti- 
coat pin  insulator  (No.  3)  were  subjected  to  a  combination  of 
a  60-cycle  50-kv.  wave  with  a  transient  highly  damped  and 
corresponding  to  one  half  of  a  750,000-cycle  wave  with  a  maxi- 
mum of  30  kv.  this  transient  applied  at  random  with  respect  to 
position  of  coincidence  with  the  60-cycle  wave. 

After  approximately  eight  million  impulses  insulators  Nos. 
1  and  3  broke  down.  Insulator  No.  2  was  then  removed  but 
punctured  under  the  attempt  to  apply  dry  flash-over  voltage, 
(95,000  volts). 

Discussion  of  Data 

Insulator  No.  1  was  then  carefully  broken  up  and  examined. 
The  zone  A  B  was  riddled  with  fine  hair-like  lines  which  under 
the  microscope  proved  to  be  tubes  of  slightly  discolored  melted 
porcelain.     The  discoloration  seemed  to  be  due  to  impurities 
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Fig,  2— Fractuhes  fkom  Zone 
A-B  Insulator  No,  1,  Two  and 
One-Half  Diametbrs  —  Inneb 
Petticoat 


Fig.  3— Power  Arc  Punctures  Outer  Petticoat  Insulator  No.  1— 
Two  AND  One-Half  Diameters 
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carried  into  the  porcelain  by  the  puncturing  arc  and  sealed  into 
the  tube  of  melted  silica.  The  appearance  of  this  puncture  was 
very  different  from  that  caused  by  the  power  arc  as  shown  in 
Fi^.  3,  and  it  is  very  significant  that  while  these  fine  punctures 
were  very  numerous  in  the  zone  A  B  in  the  inner  petticoat,  there 
were  practically  none  in  the  outer  petticoat,  and  what  few  were 
found  were  not  appreciably  discolored.  Also  the  inner  petticoat 
fractured  in  what  might  almost  be  called  a  cleavage  plane 
along  this  zone  of  flux  and  puncture  concentration,  showing  that 
the.  porcelain  had  been  weakened  mechanically  as  well  as 
electrically  by  these  break  downs  even  though  they  had  sealed 
up  in  time  to  prevent  the  formation  of  a  power  arc. 

Fig.  2  shows  a  surface  fractured  from  zone  A  B  magnified 
two  and  one-half  diameters  showing  the  fine  cross  lines,  each  a 
tube  of  melted  silica,  representing  a  puncture  by  a  transient 
that  has  sealed  up  preventing  the  formation  of  a  power  arc. 
This  sample  is  taken  from  the  inner  petticoat. 

Fig.  3  is  from  a  photograph  of  the  outer  petticoat  of  this 
insulator  magnified  two  and  one-half  diameters  showing  the 
two  power  punctures  that  occurred  in  it  when  the  inner  petticoat, 
weakened  by  these  impacts,  finally  ruptured.  This  photograph 
shows  very  clearly  the  marked  difference  between  the  puncture 
produced  by  a  transient  voltage  only  and  one  followed  by  a 
power  arc. 

Microscopic  studies  of  these  samples  were  extremely  valuable 
and  reveal  many  interesting  features  that  the  pictures  cannot 
show  regarding  the  mechanism  of  the  break  down  etc. 

Referring  to  the  micro-photographs,  Fig.  4  is  taken  from  the 
inner  petticoat  in  zone  A  B  oi  insulator  No.  1  showing  the  radia- 
ting punctures  from  the  edge  of  the  specimen  nearest  the  pin. 
The  broad  white  streak  between  the  arrow  points  is  the  path  of 
the  power  arc  that  finally,  striking  through  this  weakened  zone, 
punctured  and  destroyed  the  insulator. 

Fig.  5  shows  a  portion  of  the  same  specimen  taken  along  the 
path  of  the  power  arc  further  towards  the  outside  of  the  inner 
petticoat.  The  tendency  of  the  transient  voltages  to  jump 
across  between  defects  in  the  dielectric  is  very  noticeable  here, 
and  Fig.  6,  taken  from  insulator  No.  1,  shows  this  very  well, 
as  seven  distinct  and  separate  punctures  may  be  seen  striking 
through  this  air  hole.  As  this  is  magnified  ten  diameters  the 
size  of  the  defect  can  be  apj)reciated  and  also  the  care  necessary 
in  the  manufacture  of  the  porcelain  to  produce  a  product  free 
from  defects  that  will  weaken  the  insulator. 
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Figs.  7,  8,  and  9  are  taken  from  the  same  specimen  from  in- 
sulator No.  2  but  magnified  to  different  diameters  as  indicated. 

Fig.  10  is  taken  from  insulator  No.  3,  and  shows  very  well 
the  tendency  of  the  transient  to  seek  out  and  follow  a  series  of 
defects  in  the  porcelain.  Fig.  11  is  also  taken  from  insulator 
No.  3. 

Fig.  12  is  taken  from  the  inner  petticoat  of  insulator  No.  2 
and  shows  very  clearly  the  path  of  the  power  arc  as  well  as  the 
paths  of  the  transients. 

Further  Investigations 

It  would  seem  from  a  consideration  of  the  fundamental 
mechanism  of  dielectric  break  down  that  two  things  must  be 
avoided  to  prevent  damage  to  an  insulator;  a  concentration 
of  dielectric  flux  above  a  certain  value  and  a  finite  duration  of 
this  concentration.  This  seems  well  borne  out  by  the  data 
secured,  as  the  failures  shown  in  the  photographs  occurred  in 
the  zone  indicated  by  this  theory,  and  as  was  expected,  were 
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Fig.  13  Fig.  14 

almost  entirely  confined  to  the  inner  petticoat  of  each  insulator. 
As  a  further  investigation  a  piece  of  grooved  porcelain  was 
secured  and  a  conductor  placed  in  this  groove  with  a  plate 
against  the  other  side  of  the  porcelain  opposite  the  groove. 
The  resulting  flux  distribution  is  roughly  indicated  in  Fig.  13. 
However  it  was  feared  that  the  corona  forming  on  this  conductor 
would  act  as  a  relief  valve  for  the  impact  of  the  transient,  the 
dielectrically  weaker  air  absorbing  the  shock  and  so  protecting 
the  porcelain.  Therefor  a  second  sample  was  prepared  as 
shown  in  Fig.  14  and  the  conductor  covered  with  paraffin,  the 
covering  extending  well  up  on  the  connection  to  the  conductor 
to  the  point  where  the  separation  of  the  plate  and  conductor 
would  prevent  the  formation  of  corona,  thus  forcing  the  impact 
onto  the  porcelain. 

A  third  sample  was  prepared  with  a  needle  placed  with  its 
point  against  one  side  of  a  piece  of  porcelain,  the  whole  needle 
being  imbedded  in  sealing  wax,  while  a  plate  was  placed  on  the 
other  side  of  the  test  piece. 
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Fig.  li— Tes  Diametehs  Fro.  12— Ten  Diauetei 


Fig.  15 — Five  Di.\hetbss  Fig.  16 — Five  Diametebs 


Fig,  17 — Five  Diaueteks 
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These  samples  were  subjected  to  the  impact  tests  previously 
described,  except  that  in  this  test  the  transients  corresponded 
to  a  half  of  a  460,000-cycle  wave,  for  about  70  hours  with  approx- 
imately 120  impacts  per  second.  At  the  end  of  that  period 
the  samples  shown  in  Figs.  13  and  14  were  broken  along  the 
bottom  of  the  grooves  and  the  other  under  the  needle  point. 

The  sample  arranged  as  in  Fig.  13  showed  no  traces  of  punc- 
ture, while  the  one  shown  in  Fig.  14  was  liberally  sprinkled  along 
the  bottom  of  the  groove  with  the  characteristic  transient 
puncture.  In  none  of  these  test  pieces  did  the  power  arc  follow 
through  as  the  60-cycle  voltage  was  purposely  kept  low. 

Fig.  15  shows  the  puncture  found  in  the  bottom  of  the  groove 
in  test  piece  shown  in  Fig.  14,  and  Fig.  16  shows  the  puncture 
found  under  the  needle  point.  It  should  be  noted  that  in  this 
specimen  the  thickness  of  porcelain  between  the  needle  point 
and  plate  was  twice  that  between  the  conductor  and  plate  in 
Figs.  13  and  14. 

Fig.  17  is  included  as  of  interest  in  showing  the  manner  in 
which  the  transients  strike  into  the  porcelain  from  irregularities 
in  the  surface  gf  the  porcelain  or  cavities  in  the  cement. 

Conclusion 

From  what  is  now  known  of  the  action  of  high  voltages  of 
normal  and  high-frequency  sustained  waves  and  of  transient 
duration,  it  is  apparent  that  the  successful  insulator  for  con- 
tinued service  in  high-voltage  transmission  lines  must  be  designed 
with  the  following  points  in  mind. 

1.  The  actual  puncture  voltage  of  the  insulator  divided  by 
the  safety  factor  desired  must  be  above  the  sum  of  the  normal 
frequency  maximum  voltage  that  will  be  encountered  in  opera- 
tion, (taking  due  account  of  relatively  low-frequency  surges), 
and  the  maximum  transient  or  sustained  high-frequency  voltage 
that  may  be  impressed  on  the  line.  If  this  is  not  done  the  in- 
sulator will  in  time  be  weakened  by  the  impact  of  these  transient 
voltages  and  ultimately  must  fail. 

2.  Points  or  zones  of  excessive  flux  concentration  must  be 
avoided.  A  careful  porportioning  must  be  undertaken  to  avoid 
the  extreme  dielectric  field  distortion  and  concentration  com- 
monly met  with  in  insulators  now  on  the  market.  Ratios  of 
flux  density  in  different  parts  of  the  field  of  eleven  to  one  have 
been  noted  in  certain  insulators  and  these  have  almost  uni- 
versally given  trouble  in  time  on  high-voltage  lines. 

3.  The  porcelain  must  be  free  from  air  bubbles  and  defects 
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and  this  is  a  problem  that  must  be  met  by  the  ceramic  engineer 
before  it  is  possible  to  manufacture  reliable  insulators. 

4.  The  insulators  should  have  a  puncture  voltage  as  many 
times  the  dry  flash-over  voltage  as  the  desired  safety  factor. 
The  importance  of  this  point  is  not  always  realized  but  when  it 
is  remembered  that  there  is  a  large  time  lag  in  the  break  down  of 
air  it  will  be  realized  that  severe  impact  stresses  can  be  placed 
on  an  insulator  by  transients.  With  a  sufficiently  abrupt 
transient,  a  voltage  of  much  more  than  flash-over  may  be  im- 
pressed on  an  insulator  in  air  and  this  is  in  the  form  of  an  impact 
delivered  inside  the  insulator,  weakening  it  at  every  application. 

5.  To  avoid  placing  dielectrics  of  different  dielectric  con- 
stants in  series,  the  surface  of  the  insulator  should  follow,  in 
so  far  as  possible,  the  lines  of  force  of  the  dielectric  field. 

6.  Caps  and  metal  parts  should  be  smooth  and  of  large  radii  of 
curvature  to  make  the  corona  forming  voltage  as  high  as  possible. 
It  is  possible  to  design  an  insulator  that  will  flash  over  after  the 
manner  of  sphere-gap  break  down  without  the  formation  of  corona. 

7.  The  design  should  be  such  mechanically  as  to  keep  the 
lines  or  zones  of  mechanical  stress  removed  from  the  lines  of 
electrical  stress,  and  where  this  is  impossible  the  two  stresses 
should  be  as  nearly  as  possible  at  right  angles.  This  point  has 
been  brought  out  by  recent  study  of  the  influence  of  the  line  of 
action  of  mechanical  stress  in  porcelain  upon  the  path  of  the 
resulting  fracture. 

These  investigations  were  carried  out  in  the  high-tension 
laboratory  of  Oregon  Agricultural  College  and  the  writer  takes 
this  opportunity  to  express  his  appreciation  of  the  assistance  of 
Mr.  C.  E.  Oakes  and  Mr.  Winfield  Eckley  who  aided  him  in 
the  test,  and  Prof.  S.  H.  Graf  of  the  Department  of  Experimental 
Engineering  by  whose  courtesy  the  micro- photographs  were 
made  possible.  Grateful  acknowledgment  is  also  made  to 
Mr.  L.  T.  Merwin  for  his  very  valuable  suggestions  in  con- 
structive criticism  of  the  manuscript. 

It  is  not  felt  that  the  data  here  presented  bring  out  any 
previously  unknown  phenomena  as  this  action  has  long  been 
suspected  by  or  known  to  many  of  the  workers  in  this  field, 
but  they  are  presented  as  the  preliminary  results  of  an  extensive 
investigation  now  in  progress  on  the  subject  and  it  is  hoped 
that  a  study  of  these  photographs  will  increase  the  respect  of 
the  engineers,  who  are  designing  and  using  insulators,  for  the 
destructive  ability  of  transient  voltages. 
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Discussion  on  '*Insulator  Failures  Under  Transient 
Voltages"  (Peaslee),  Seattle,  Wash.,  September  8, 
1916. 

J.  B.  Fisken:  The  author  makes  this  statement:  "The  oper- 
ation of  switches,  especially  of  the  air-break  type  is  also  often 
productive  of  vicious  transients."  My  experience  has  led  me 
to  believe  that  the  substitution  of  the  word  "sometimes"  for 
"often"  would  improve  this  paper  very  materially.  We  have 
never  seen  any  occasions,  in  our  system,  where  the  operation  of 
air-break  switches  was  serious,  and  we  have  used  them  to  quite 
a  large  extent.  I  want  to  ask  Mr.  Peaslee  whether  we  are  to 
believe  from  Fig.  1  that  the  potential  gradient  is  constant  through 
that  insulator? 

W.  D.  Peaslee:     No.     By  no  means.     About  7  to  1. 

J.  B.  Fisken:  Then,  there  would  be  portions  of  that  insulator 
where  the  flux  density  would  be  very  much  greater  than  it  is 
in  others? 

W.  D.  Peaslee:     There  were.     About  seven  to  one. 

J.  B.  Fisken:  One  of  the  most  interesting  things  in  the  paper 
is  the  time  element.  There  is  something  there  that  I,  as  an 
operating  man,  had  never  before  realized.  It  seems  that  those 
high  frequencies,  which  we  all  want  to  get  rid  of,  keep  working 
and  it  mav  be  some  considerable  time  before  the  insulator  breaks 
down.  I  want  to  ask  Mr.  Peaslee  if  he  does  not  think  better  re- 
sults could  be  obtained  if  the  top  of  the  insulator  was  entirely 
covered  with  a  metallic  coating,  and  instead  of  having  the  tic 
wire  which  holds  the  high-tension  wire,  rest  on  porcelain,  it 
should  rest  on  some  portion  of  the  metallic  covering?  I  ask 
that  question  for  the  reason  that  most  of  our  punctures,  or  a 
large  number  of  the  punctures  we  find,  take  place  from  the  tie 
wire  and  not  from  the  conductor. 

Robert  Howes:  We  have  heard  a  number  of  \^aluable  com- 
ments upon  the  i)oor  quality  of  insulators.  About  fifteen  years  ago 
I  had  a  part  in  the  construction  of  the  first  transmission  line  of 
the  Washington  Water  Power  Com])any  to  the  Cour  d'  Alene 
District.  It  was  early  work  in  the  GO.OOO-volt  licld  and  we  were 
threatened  with  dire  consequences,  so  all  of  us  connected  with 
the  work  exhausted  our  knowledge  and  wits  to  eliminate  the 
threatened  dangers.  The  construction  in  some  features  would 
be  now  considered  oljsoletc,  in  others  it  is  quite  up  to  date,  and 
some  desirable  modifications  have  ])ecn  made.  Still  my  record 
shows  that  in  the  first  seven  months  of  operation  the  hne  was 
out  but  a  total  of  thirty-two  minutes  except  by  ])revious  ar- 
rangement. Further,  I  understand  from  Mr.  Fisken,  who  has 
had  the  handling  of  that  line  in  his  deijartment  ever  since  it  was 
put  up,  that  there  have  been  almost  no  insu'ator  failures  from 
electrical  causes  on  that  line. 

About  eight  years  ago  I  had  charge  of  the  designing  and  con- 
struction of  two  parallel  three-phase  lines  covering  a  distance  of 
about  sixty-five  miles  in  British  Columbia,  the  voltage  was  about 
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s^.'yV'.tv^vvixsl  wilh  star  connection  and  with  neutral  tp-ounded 
K.  v^v  i»»wfr  hinise.  These  lines  were  thrown  on  the  power 
'*v>uw  swtlilviily  upon  completion  and  operated  continuously.  I 
»w\v  "i-vri  lifiinl  of  an  insulator  failure  except  by  mechanical 
m_nm  lluwfVLT,  my  recent  knowledge  of  the  Hne  is  not  suffi- 
*>.n>Hl  In  'Hull-  whether  any  weakening  has  developed  with  age. 

In  I'liih  of  these  Hnes  the  precautions  taken  in  designing  were, 
^;l■lnnldl■d  nfulrals  at  the  power  house,  lightning  arresters,  few 
III  Tniiiiln-T,  hut  located  exactly  at  the  terminals  as  opposed  to 
liiriilioTi  nciir  the  terminals.  The  insulators  were  tested  to  at 
li-ast  ihrec  limes  the  voltage  from  wire  to  ground.  In  the 
Uritisli  Columbia  line  as  I  remember  it,  each  piece  of  the  three- 
piece  insuhilnr  was  subjected  to  about  30.000  volts.  In  faci  I 
think  ihc  top  piece  was  subjected  to  40,000  volts  in  actual  tests. 
Anil  the  jissembled  parts  to  over  ninety  thousand,  the  test  be- 
ing made  lietween  salt  water  terminals.  In  these  lines  the  in- 
tention was  to  be  sure  that  iht  insulators  had  ihe  same  safety 
factor  o\'er  working  conditions  that  would  be  required  in  steel 
construction,  for  puqioses  of  equal  merit.  It  seems  that  we 
should  not  place  more  confidence  in  porcelain  than  we  would  in 
steel.  At;ain  as  we  figure  steel  beams  on  the  stress  in  extreme 
fibers,  so  we  should  figure  insulators  on  the  stress  in  the  most 
strained  portions.  It  seems  clear  to  me  that  the  practical  solu- 
tion of  the  rotten -insula  I  or  question  is  first  to  keep  insisting  on 
proper  safety  factors  over  the  working  voltage,  and  second,  use 
means  to  pre\-ent  excess  voltage.  Now  in  regard  to  the  means 
of  preventing  excess  voltage  there  is  a  little  piece  of  ancient 
history  in  connection  with  the  Washington  Water  Power  Com- 
pany that  has  influenced  me  whenever  I  have  had  anything  to 
do  with  the  installation  of  hnes.  Installed  in  that  power  house 
there  were  three  monocycle  generators.  The  connections  were 
as  follows:  Generator,  impedance  coil,  lightning  arrester,  bus  bar, 
line.  When  the  three  units  were  in  operation  there  were  accord- 
ingly three  lightning  arresters  at  the  powerhouse,  These  ma- 
chines were  operated  nominally  at  about  2300  volts.  They  had 
been  oiierating  for  years  without  any  serious  difficulty,  or  at 
leasi  for  a  considerable  period.  Under  my  direction,  we  in- 
stalled a  wattmeter  which  was  connected  by  means  of  a  two- 
circuit  current  transformer  connected  in  the  nvr>  muside  wires  of 
the  bus  bar.  There  were  no  changes  made  in  the  lightning 
arrester  connections  whatever.  At  the  first  slight  lightning  dis- 
turbances that  could  be  noticed  one  of  the  generators  jiuiictured 
to  grouniL  This  vva-  cleared  i.i)i  by  the  power  house  foreman 
anrl  the  lighinitig  arresters  gone  over  thnrimghly  and  the  other 
conditions  remaiofd  as  before,  A  ver\-  short  time  after  that  a 
second  slight  lightning  disturbance  caU'-ed  a  scfnnd  fiuncture  in 
the  same  |ilace.  I  then  went  over  the  lightning  arresters  myself 
and  carcl'ull)  examined  everything  lo  make  sure  thai  nothing 
had  been  neglected.  Hut  the  next  slight  amount  of  lightning 
caused  a  third  ijuncture  in  the  same  place.      I  tlicn  thought  it 


1916)  DISCUSSION  AT  SEATTLE  1197 

that  had  been  made  was  the  installation  of  the  wattmeter,  so 
without  changing  anything  else  I  took  an  ordinary  air-gap  ar- 
rester and  connected  it  exactly  at  the  outside  terminals  of  the 
current  transformers,  after  which  the  machine  ran  until  it  was  put 
out  of  commission  by  disuse,  without  any  further  difficulty, 
whatever.  Ever  since  that  time  I  have  positively  insisted  that 
the  lightning  arrester  connections  should  be  made  at  the  first 
material  impedance  and  exactly  at  the  terminal  of  that  impedance 
and  not  at  some  distance  away.  I  have  noticed  several  trans- 
mission lines  where  there  have  been  lightning  disturbances  in 
which  the  lightning  arrester  connections  were  made  at  some  dis- 
tance— say  at  from  fifty  to  two  hundred  feet  from  the  first 
impedance — and  those  lines  as  far  as  I  have  noted  were  lines  that 
had  trouble  from  lightning.  Now,  I  say  lightning — I  mean  any 
high-frequency  disturbance  similar  to  lightning  on  the  line — and 
it  has  been  my  experience  such  as  I  have  had  in  both  low  and 
high-tension  lines,  that  with  insulators  tested  as  above  and  the 
lightning  arrester  connection  made  exactly  at  the  impedance 
terminal  there  has  been  no  serious  trouble  from  such  disturbances. 
L.  T.  Merwin:  On  this  question  of  the  impact  of  the  higher 
transients  on  our  insulators,  I  will  confess  that  in  years  gone  by, 
when  an  insulator  failed  from  puncture  or  was  destroyed  from 
whatever  cause,  the  man  in  charge  of  the  repair  dropped  it  on 
the  ground  at  the  foot  of  the  pole  where  it  was  found  and  a  new 
one  was  substituted.  The  line  was  again  put  in  commission  and 
that  was  all  there  was  to  it.  Now,  following  experiments  that 
are  going  on  in  the  various  laboratories  of  our  institutions  of 
higher  learning,  we  are  beginning  to  know  why  these  things  have 
been  taking  place.  Very  often  it  happens  that  the  note  of  warn- 
ing has  been  sent  out  and  absolutely  disregarded.  I  feel  that 
probably  we  are  disregarding  every  day  things  to  which  we 
should  attend.  We  have  had  just  exactly  the  information  and  the 
remedies  already  voiced  if  we  would  only  listen  to  the  notes  of 
danger.  After  Mr.  Peaslee  had  shown  me  the  rough  draft  of 
this  paper  we  had  a  failure  on  our  transmission  line,  the  results 
of  which  you  have  all  seen  in  the  fractured  insulator  which  has 
been  shown  here  todav,  and  which  absolutelv  corroborates  his 
contention  in  the  paper.  Now,  Mr.  Peaslee  has  developed  the 
theory  born  from  the  fruits  of  experimental  investigation  in  his 
laboratory,  equipped  with  apparatus  that  is  beyond  the  range  of 
the  ordinary  operating  man  to  have,  but  here  is  a  confirmation 
following  immediately  upon  the  heels  of  his   announced   results 
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will  continue  his  work  along  present  lines,  and  in  so  doing,  that 
he  will  employ  definitely  porous  and  non-porous  porcelain,  the 
latter  with  and  without  absorbed  moisture,  so  as  to  develop 
more  evidence  in  regard  to  the  basis  for  Mr.  Osborne's  claim  of 
yesterday,  that  porous  insulators  are  capable  of  reliable  service. 
It  is,  of  course,  conceivable  that  water-logged  porcelain  may 
endure  transient  over- voltages  pretty  well.  As  evidence  there- 
of, we  have  the  failure  of  the  oscillator  to  pick  out  defective 
insulators  when  porous  and  water  filled.  In  regard  to  sustained 
60-cycle  voltage,  the  matter  is  quite  different.  Of  that  there 
can  be  no  shadow  of  doubt.  The  great  difference  between  wet 
and  dry  porcelain  production  processes  is;  in  the  former  the 
porcelain  can  not  have  its  pore  systems  closed  by  vitrification, 
while,  in  the  latter,  it  can.  No  water-logged  porcelain  will 
endure  between  conductor  electrodes  an  ample  amount  of  sus- 
tained power  voltage  to  render  it  reliable  for  high-voltage  service. 

R.  W.  Mastick:  Mr.  Fisken  has  called  attention  to  the 
statement  in  Mr.  Peaslee's  paper  and  objected  to  it  that  **The 
operation  of  Switches,  especially  of  the  air-break  type,  is  also 
often  productive  of  vicious  transients".  I  wish  to  add  some 
evidence  in  support  of  Mr.  Peaslee's  remark. 

A  few  months  ago,  it  was  my  privilege  to  conduct  an  investi- 
gation on  an  operating  power  system  of  transients  produced  by 
the  operation  of  both  oil  and  air-break  switches.  A  niunber  of 
observations  were  made  and  recorded  by  means  of  an  oscillo- 
graph, of  switching  operations  under  both  load  and  no-load  con- 
ditions. These  observations  were  made  both  at  the  point  of 
switching,  and  with  many  miles  of  transmission  line  intervening 
between  the  switch  and  the  point  where  the  oscillograph  was 
located. 

In  several  instances,  transients  of  a  violent  character  were 
recorded  and  the  presence  of  frequencies  of  a  high  order  definitely 
indicated.  The  transients  produced  by  oil  switches  were  not  so 
violent,  nor  as  long  sustained  as  those  produced  by  air-break 
switches. 

It  is  of  interest  to  note  that  these  observations  of  transients 
were  all  recorded  by  using  the  residual  voltages  and  currents  of 
the  power  system. 

J.  B.  Fisken:  I  had  two  reasons  for  making  the  statement 
that  I  did :  One  is  the  practical  reason  that  we  are  operating  air 
switches  without,  apparently,  having  any  difficulty.  My  other 
reason  was  that  some  years  ago,  we  made  a  number  of  oscillo- 
graph tests  with  air  switches  and  oil  switches,  and  we  could  not 
see  that  there  was  any  material  difference.  It  is  quite  possible 
that  our  methods  of  connection  were  somewhat  crude,  and  that 
we  did  not  get  as  refined  a  test  as  Mr.  Mastick  would  get,  but 
I  still  am  of  the  opinion,  Mr.  Mastick  to  the  contrary  notwith- 
standing, that  this  talk  of  the  extreme  high  frequencies  or  dis- 
turbances caused  by  air  switches,  is  not  well  taken. 

R.  M.  Boykin:  While  I  have  heard  but  little  of  the  discussion 
on  this  subject,  I  would  like  to  ask  Prof.  Ryan  what  he  considers 
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water-logged  porcelain,  or  water-logged  insulators,  and  how 
much  water  by  weight  or  volume  can  porcelain  absorb  before 
rendering  the  porcelain  useless  for  insulator  purposes. 

Harris  J.  Ryan:  I  can  only  answer  that  question  in  part: 
The  porous  porcelain  referred  to  just  now  is  of  good  quality 
except  that  its  porosity  exceeds  some  low  value,  perhaps  a  tenth 
per  cent  by  volume,  just  how  much  we  do  not  know  as  yet.  An 
insulator  body  that  has  its  pores  filled  with  water  is  liable  to 
early  failure.  The  resistivity-temperature  relation  for  porce- 
lain is  negative  and  very  high,  besides  it  ceases  altogether  to  be 
an  insulator  and  becomes  an  electrolytic  conductor  at  about  300 
deg.  cent.  Thus  in  a  water  filled  porous  porcelain  body  subjected 
to  power-voltage,  the  in-phase  current  will  be  concentrated  upon 
a  narrow  route  or  core,  producing  intense  local  heat  and  puncture. 
Much  trouble  undoubtedly  has  come  from  the  fact  that  dry 
porous  porcelain  has  at  all  ordinary  temperatures  about  the 
same  high  resistivity  and  dielectric  strength  as  non-porous  porce- 
lain. It  is  here  understood  that  non-porous  porcelain  is  that, 
in  which  the  pore  systems  are  well  limited  and  in  which  they  do 
not  in  any  single  instance  extend  through  appreciable  depths  of 
the  porcelain  bodies. 

A.  A.  Miller:  I  would  like  to  ask  Prof.  Ryan  about  his 
statement  as  to  the  effect  of  temperature  upon  the  dielectric 
strength  of  the  material  of  the  insulator.  Do  I  understand  that 
he  refers  to  a  temperature  of  425  deg.  cent,  as  being  the  temper- 
ature of  the  material  along  the  path  of  the  puncture  or  does  his 
statement  cover  general  results  of  tests  made  upon  masses  of 
porcelain  at  known  temperatures  ? 

Harris  J.  Ryan:  In  speaking  of  the  loss  of  all  dielectric 
strength  for  porcelain  at  300  deg.  cent.  I  had  reference  to  the 
results  of  C.  E.  Henderson  and  G.  O.  Wciner  which  may  be  found 
in  their  paper  on,  "Effect  of  Temperature  on  the  Dielectric 
Strength  of  Porcelain  Insulators,"  published  in  the  Transactions 
of  the  American  Ceramic  Society,  Vol.  XIII,  p.  4G9,  1911. 

W.  D.  Peaslee:  With  reference  to  the  point  raised  regarding 
the  matter  of  the  air-break  switch,  I  will  explain  that  I  put  that 
point  in  for  this  reason:  While  fundamentally,  of  itself,  I  do  not 
believe  the  air-break  switch  or  the  oil-break  switch  is  responsible 
for  any  transients  of  high  or  low  frequency,  whatever,  it  is  a  fact 
that  when  connected  to  circuits  of  certain  characteristics,  they 
will  produce  transients,  and  vicious  transients.  You  can  make 
a  test  on  a  certain  circuit  with  an  air-break  switch  or  an  oil- 
break  switch,  and  show  a  man  that  there  are  no  transients,  and 
yet,  that  man,  if  he  knows  his  game,  will  make  up  other  circuits 
and  show  you  some  of  the  worst  transients  you  can  imagine. 

Mr.  Howes  made  a  good  point  as  to  lightning  arrester  con- 
nections. The  average  man  takes  his  lightning  arresters,  and 
connects  them  150  feet  from  his  nearest  transformers,  and  hooks 
up  an  inductance  there.  The  results  arc  that  every  time  there 
is  an  arrester  discharge,  a  wave  of  approximately    two   million 


}2i^i 


jySl'LArOR  FAILURES  [Sept.  8 


k^ 


» '«i 


•  \ »»« 


.^^^.^>^c  jv.y^s  out  on  the  line  and  subjects  it 
H  »  ^'V'-^^'^'b'  a  Iialf  cycle  of  two  million  c\xles, 
-.  ^  vrxv^^  Vou  try  to  plot  a  two  million  cycle 
\'-:]  ^  \\  \i  ts  pivtty  nearly  straight  up  and  down 
'K  ^.^jv^v  t  i:oos  inside  the  insulator  and  tears 
.  .4  s'^vunuv  depending  upon  the  time  and  the 
V  vv^iw^  tixMit  and  maximtmi  value  of  voltage. 
^  -\  c4  invat  many  of  the  lightning  arresters,  as 
vs\(  up.  are  a  menace  to  the  lines  to  which  they 
I  Uimk  thuy  are  certainly  a  menace  to  the  tele- 
-  xidi'  ot"  them.  Now,  referring  to  the  matter  of 
.  _. ,  ,  vi  v.mI  hivak  switches,  the  air-break  switch  has,  I 
V  .v.v  uiuU'noy  to  cause  oscillation  for  this  reason :  The 
>x  .V  u..  oj^'iali*  on  a  few  cycles,  while  the  air  switch  sweeps 
.,v  111  .iiul  iIktc  is  a  great  deal  more  chance  in  that  time  for 
.  uiiv  III  lo  lnvak  before  the  others.  If  that  happens,  your 
.  iMiy.  aiirstiTs  may  operate  on  double  voltage,  a  two-mil- 
\v  U-  \\<ivi'  will  rush  out  on  the  line  and  into  the  first  insu- 
ii  happi'iis  to  catch  in  a  bad  place.  That  is  the  reason  I 
i.iv'Uk'lii  III  thu  (|uestion  of  the  air-break  switch.  It  is  not  funda- 
nu  III  all \  a  (iiK-stion  of  the  switch.  It  is  a  question  of  the  ten- 
vK  iiv  \  ((►  transients  in  certain  circuits  to  which  it  is  connected. 
h  I .  in»i  ^.()  much  a  question  of  the  air-break  or  oil-break  switch 
a.  ii  1.  I  1m-  circuit  to  which  it  is  connected,  and  the  method  by 
w  hu  h  ii  r.  connected.  I  think  Mr.  Howe's  point  as  to  the  manner 
ul  t  (.nnr(  tin;.'  up  the  li^^htning  arresters  is  very  valuable,  and  I 
I. iK.w  a  ^Tcat  many  of  the  lines  I  have  investigated  present  a 
filiation  such  as  he  described.  In  one  line  I  know  of  in  the 
Ni.i  I  hwcst,  e\'er>'  time  they  char^x-  a  lightning  arrester  at  one 
(■ml  i,\  llic  line,  the  transient  imptilse  will  jump  seven  turns  on 
llic  ni'luctancc  at  the  other  end  of  the  line,  and  the  men  will 
•Jaii'l  around  and  say  "they  are  char^nn.i;  down  at  the  other 
cinl  of  the  line."      That  could  Ije  sto])ped  completely  by  changing 
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insulators  being  out  on  the  line  a  long  time  and  failing  mechan- 
ically, but  not  electrically.  When  we  took  one  insulator  off  the 
line,  we  took  the  petticoat  out  intact  and  split  it,  and  took  hold 
of  it,  and  just  broke  a  ring  right  out  of  it  at  that  zone  of  flux 
concentration.  You  could  break  it  with  your  fingers.  I  think 
a  great  many  of  the  difficulties  we  have  with  our  insulators  are 
due  to  that  point  of  flux  concentration.  There  are  two  different 
forms  of  po  celain  in  that  zone,  so  it  is  bound  to  weaken  the 
insulator  mechanically.  The  protection  against  high  voltage  is 
another  problem  that  sounds  easy.  Mr.  Howe's  suggestion  is  a 
good  one,  but  here  is  the  trouble:  You  take  a  horn  gap  and  put 
it  up  on  the  line,  and  if  you  put  steep  wave  fronts  on  it,  they 
may  never  pas;  across  it.  An  ordinary  horn  gap  will  not  pass 
certain  transients.  A  needle  gap  probably  will  not  pass  one  of 
a  higher  frequency  than  half  of  a  100,000-cycle  wave.  I  think 
the  ult  mate  solution  will  be  found  in  the  equipment  which  will 
be  used  this  winter  in  a  couple  of  places — as  experiments — a 
sphere-gap  horn  gap.  That  is,  the  gap  will  be  a  sphere  gap, 
passing  any  transients,  but  you  will  still  have  the  old  horns. 
Unquestionably,  there  are  transients,  sustained  waves,  or  damped 
waves  that  go  right  by  our  lightning  arrester  horn  gaps,  and 
those  get  into  our  machines.  For  instance,  there  is  the  case  I 
spoke  to  you  of,  where  the  inductance  turns  are  jumped  by  the 
transient.  It  goes  by  the  horn  gaps  and  jumps  seven  turns  on 
the  inductance,  because  of  the  sudden  banking  up  of  wave  by 
the  inductance,  so  it  is  pretty  clearly  proved  that  you  can  get  a 
condition  of  that  kind. 

Prof.  Ryan  spoke  of  the  fact  that  we  should  have  non-porous 
porcelain.  I  may  be  pessimistic  in  that  regard,  but  I  do  not 
believe  that  non-porous  porcelain  can  be  made.  Consider  for  a 
moment  the  value:  A  tenth  of  one  per  cent  porosity  renders  an 
insulator  worthless  after  it  has  been  soaked  a  while,  and  a  tenth 
of  one  per  cent  porosity  is  a  pretty  small  margin  to  work  to. 
You  may  be  able  to  make  such  porcelain  in  the  laboratory,  with 
a  vacuum  furnace,  but  when  you  come  to  manufacture  insulators 
in  car  load  lots,  it  is  a  pretty  close  limit  to  work  to. 

In  the  matter  of  the  punctures  in  the  porcelain,  some  go|half  way 
through  the  porcelain  and  stop.  That  is,  their  time  of  duration 
at  maximum  voltage  was  not  great  enough  to  get  clear  through. 
Under  the  microscope,  following  these  out  one  by  one,  you  will 
very  often  find  a  puncture  going  in,  then,  there  will  be  a  branch. 
Now,  whether  or  not  that  forked  branch  occurred  with  the  first 
impulse,  or  whether  the  next  impulse  caught  it  and  followed  it 
along,  and  then  broke  off,  I  don't  know.  Now,  enough  of  these 
minute  punctures  finally  occur  so  that  the  combination  of  punc- 
tures brings  about  disintegration  which  reduces  the  resistance  of 
that  path  until  the  power  voltage  passes  through.  I  do  not 
believe,  from  my  investigation,  that  the  concommittant  occur- 
rence of  the  power  peak  and  the  transients,  is  necessary  for 
puncture.  I  believe  that  the  transients  will  keep  coming  until 
you  get  a  voltage  that  will  break  through.     Insulator  No.  3^ 
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\Vifcli  iniimiv  In  Ml".  Mcrwin's  remarks  about  co-opei 
U  i"!  <t  hull'  .lisauiLiiKiiit;  tn  a  man  in  a  University  with  a 
■iK'i\  itt  '"!'  ^'unmiliiiil  tu  sit  down  and  go  into  a  thing,  am 
i;n  I'laitinl  li'll  Bti  njiiTJilini*  man  that  a  condition  exists  in 
III'  will  ni't  Mii'h  R  result,  and  have  that  man  laugh  at  yoi 
llivii  (iliiiiil  nm  numths  later,  that  man  comes  to  you,  am 
'  I  Uuw  hml  Miii'h  and  such  a  thing  happen  on  my  transn 
lini'  W'ii4l  is  the  matter"?  And  it  does  not  make  him  fe 
I'llUi  In  ha\'i'  yiiu  tell  him  that  six  months  or  ayearbefoi 
liiiil  U'lil  hini  that  that  very  thing  was  going  to  happen. 
iiiv  ii|ii'(ii'iiiT  that  it  is  very  seldom  that  a  man  from  i 
sti'.ilv  liilmratory  can  go  to  a  power  man  and  get  any  co 
iiiiiiii  \n  making  any  tests  on  a  power  line.  We  would  appi 
ii  hull'  mort;  of  Mr.  ilermn's  spirit  of  co-operation  i 
wi'tli  ill  the  laboratory. 

B,  E.  F.  Creighton  (communicated  after  adjournment); 
IVhsIiii'  has  undertaken  research  work  in  one  of  the  mo; 
piirlant  subjects  in  transmission  engineering  today.  Th 
i;r<';ii.  need  •>(  more  investigators  in  this  subject  and  to  get  di 
Hh.nlts  it  seems  necessary  for  the  investigator  to  enter  th 
I  if  riTamics.  Personally  I  have  come  to  the  conclusior 
clicLrical  testing  alone  will  give  comparatively  little  dj 
value. 

Mr.  I'easlee's  i>hotographs  are  interesting  and  I  find  my 
(igrtement  in  general  with  his  conclusions.  It  is  desirabli 
,'ilj  the  workers  in  this  line  come  to  a  common  agreemen 
hiiiguage  and  with  this  in  view  I  should  like  to  ask  que 
iil.out  certain  features  af  the  work. 

Taking  the  suliject  in  the  order  of  the  reading — I  fine 
certain  mathematical  calculations  give  one  impulse  in  15, 0( 
randfmi  imjmlses  within  that  part  of  a  half-cycle  of  the  60 
wave,  which  is  above  the  effective  value,  I  have  been  i 
to  arrive  at  the  same  conclusions.  For  example,  the  pot 
of  the  wave  is  above  the  efTecLive  value  from  45  deg.  to  13 
or  90  deg.  of  the  time.  Therefore,  random  shots  shouli 
one  in  every  four,  within  the  range  designated,  since  the  re 
time  is  01)  deg.  to  3(i0  deg.  total.  Such  random  shots  coi 
obtained  only  by  using  a  scparsle  source  of  a-c.  polentifi 
the  same  source  of  a-c.  potential  is  used  the  shots  will  not 
random  but  should  be  located  at  a  fairly  definite  point  < 
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Referring  to  the  notes  under  method,  I  should  like  to  inquire 
if  the  regular  60-cycle  tests  were  made  on  these  insulators  before 
the  high-frequency  impulses  were  applied;  also  if  the  ohmic  re- 
sistance of  each  skirt  was  taken. 

In  the  discussion  on  the  failure  of  Insulator  No.  1  Mr.  Peaslee 
touches  on  a  subject  in  which  many  tests  have  been  made. 
Back  of  all  these  tests  is  the  question  which  has  been  raised  re- 
peatedly in  the  past  few  years — what  constitutes  a  fair  test  on 
an  insulator  and  when  does  the  test  damage  good  porcelain? 
If  the  porcelain  used  in  Mr.  Peaslee 's  tests  was  good  then  the 
very  mild  test  was  too  severe.  I  have  made  numerous  tests 
which  show  that  this  impulse  test  was  too  mild  to  give  a  satis- 
factory test  for  porcelain  insulators  and  therefore  the  tests  show, 
unmistakably,  a  poor  grade  or  defective  porcelain. 

In  tests  on  insulators  similar  to  Fig.  1,  giving  the  fan-shape 
discharges,  as  shown  in  Fig.  2,  it  has  been  determined  that  the 
inner  skirt  was  cracked  either  before  the  test  or  by  the  test,  and 
that  the  discharges  leaving  permanent  traces  of  their  paths  on 
the  broken  surfaces  of  the  inner  porcelain  are  due  to  the  currents 
which  pass  through  the  inner  skirt  and  charge  up  the  condenser 
formed  by  the  outer  skirt.  If  both  skirts  are  punctured,  30  kv. 
of  potential  would  surely  maintain  an  arc  through  the  tiniest  pos- 
sible puncture  hole.  The  current  flowing  through  the  inner  skirt 
to  charge  up  the  outer  skirt  as  a  condenser  is  of  the  order  of  15 
amperes  effective,  the  calculation  being  made  for  a  damped  wave 
of  750,000-cycles  frequency,  a  voltage  of  80  kv.,  and  a  capaci- 
tance of  40  micro-  microfarads.  As  to  the  cause  of  the  fan-shape 
discharge — I  have  come  to  the  conclusion  that  it  is  due,  not  to  the 
sealing  up  of  the  path,  but  to  the  lowering  of  the  resistance  of 
the  path.  Assuming  that  there  is  a  crack  existing  initially,  the 
first  disruptive  discharge  will  pass  through  the  air  in  the  crack 
from  one  surface  of  the  porcelain  to  the  other  and  repeated  dis- 
charges in  this  path  will  heat  the  porcelain  to  a  temperature  of 
partial  conduction.  In  other  words,  this  becomes  a  high  re- 
sistance path.  When  the  next  discharge  attempts  to  pass 
through  this  resistance  the  IR  drop  is  sufficient  to  maintain  full 
potential  and  therefore  the  discharge  will  take  place  through  an 
adjacent  path  where  it  has  free  air  to  ionize.  It  will  follow  this 
adjacent  path  until  it  has  heated  it  to  a  condition  of  partial 
conduction  and  then  choose  a  new  path.  Each  time  there  is  a 
sufficient  sealing  up  at  the  point  of  discharge  and  also  sufficient 
opening  up  of  the  crack  to  make  a  new  path  desirable. 

As  a  proof  of  this  theory,  two  electrodes  across  which  a  dis- 
ruptive discharge  takes  place  may  have  a  high  resistance  rod  or 
pencil  placed  across  the  gap  and  the  disruptive  discharge  will 
refuse  to  follow  the  path  of  the  resistance  material,  but  will 
jump  straight  from  surface  to  surface  through  the  air. 

If  porcelain  punctures  without  a  crack  it  is  not  difficult  to 
permanently  reseal  it  if  the  proper  precautions  are  taken.  If 
liquids  can  be  used  as  electrodes  it  is  possible  to  avoid  carrying 
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vaibon  or  metal  vapors  into  the  discharge  path  and  thereby 
di-siioN  in^  the  insulation  af  er  the  spot  has  cooled.  A  porcelain 
i  lip  set  in  water  and  filled  about  a  quarter  full  was  punctured 
liiill  a  dozen  times  with  an  oscillator,  leaving  the  discharge  on 
a  Ik  ml  5  seconds  after  each  puncture.  The  puncture  hole  filled 
lip  with  clear-colored  glass  and  was  subsequently  stronger  than 
tile  rest  of  the  porcelain. 


1916]  DISCUSSION  AT  SEATTLE  ^205 

A  test  was  recently  made  in  an  endeavor  to  determine  if 
single  impulses  were  not  more  severe  on  the  porcelain  than  os- 
cillatory discharges.  Several  million  discharges  of  the  damped 
wave  at  200,000  cycles  were  made  on  a  suspension  insulator 
immersed  in  oil.  The  voltage  was  80  kv.  for  part  of  the  test 
and  100  kv.  for  more  than  two  hours  of  continual  discharge  at 
120  per  second.  The  porcelain  was  not  punctured.  It  was 
subsequently  broken  up  but  no  damage  whatsoever  could  be 
noted  on  its  surfaces.  This  porcelain  happened  to  be  perfectly 
made.  There  were  no  bubbles  or  laminations  in  any  of  the 
broken  pieces  and  it  was  extremely  strong  mechanically  n  re- 
sisting the  blows  of  the  hammer. 

W.  D.  Peaslee:  Referring  to  Mr.  Creighton's  remarks,  I  am 
very  glad  that  he  has  called  to  my  attention  the  error  in  the 
paper  regarding  the  number  of  random  impulses  occurring  within 
that  part  of  a  half  cycle  of  the  60-cycle  wave  which  is  above  the 
effective  value.  This  statement  should  read  as  follows,  ** Using 
the  ])art  of  the  750,000-cycle  positive  half-wave  transient  above 
the  effective  value,  one  out  of  every  1,500,000  such  random 
impulses  will  fall  on  the  crest  of  the  60-cycle  positive  half- wave." 

The  regular  60-cycle  tests  were  made  on  these  insulators  before 
the  high-frequency  impulses  were  applied  but  the  ohmic  resis- 
tance of  each  skirt  was  not  taken  as  our  megger  was  out  of  com- 
mission at  that  time. 

I  do  not  believe  that  Mr.  Creighton's  explanation  of  the  fan 
shaped  discharge  lines  is  the  correct  one  for  all  cases  as  I  have 
found  a  decided  difference  in  character  of  these  lines  when  they 
are  fonned  by  the  discharges  through  a  previously  existing  crack 
and  when  they  are  formed  by  transients  puncturing  the  un- 
cracked  porcelain.  In  the  latter  case  an  examination  of  these 
discharge  paths  will  show  a  complete  tube  of  melted  silica  with- 
out evidence  of  a  previously  existing  crack,  while  a  discharge 
through  a  i)reviously  existing  crack  is  more  likely  to  show  a 
groove  nature,  although  the  heat  of  the  discharge  may  later  fuse 
the  sides  of  the  groove  in  such  a  way  that  a  microscopic  examina- 
tion is  necessary  to  detect  the  difference.  Grooves  of  this  kind 
have  been  found  with  partially  fused  fragments.  microscoi)ic  in 
size,  almost  entirely  filling  them.  Referring  to  Fig.  14,  when  the 
conductor  was  remox'cd  from  this  groove  there  was  not  the 
slightest  indication  of  a  crack,  though  under  the  microscoi)e  it 
was  possible  to  detect  the  entrance  |)oints  of  the  ])unctures. 
The  jjorcelain  fractured  very  easily  along  the  bottom  of  the 
groove  and  the  discharge  paths  shown  in  Fig.  15  consisted  of 
tubes  of  fused  quartz  glass. 

I  l)elieve  with  Mr.  Creighton  that  the  ])rol)lem  is  essentially 
one  for  the  ceramie  engineer,  but  do  feel  that  electrical  tests  must 
always  be  the  criterion  by  whieh  insulators  are  to  be  acce[)ted  or 
rejected.  Their  duty  is  electrical  and  their  fitness  for  such  duty 
must,  I  think,  l)e  determined  bv  electrical  tests. 
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Abstract  of  Paper 

The  object  of  this  paper  is  to  show  the  importance  of  properly 
designing  an  underground  distribution  system  for  the  district 
it  serves  and  the  particular  service  it  is  to  supply.  Simply  plac- 
ing the  wires  underground  does  not  constitute  an  efficient 
system. 

Underground  distribution  is  the  ultimate  solution  of  the  distri- 
bution problem  that  confronts  every  Electric  Light  and  Power 
company  operating  in  progressive  towns  and  cities.  The  exces- 
sive cost  of  this  class  of  construction,  as  compared  with  aerial 
construction,  and  the  permanent  nature  of  the  system,  warrant 
a  careful  study  of  the  conditions  and  justifies  a  reasonable 
expense  in  the  development  of  suitable  plans  for  the  system. 

The  financial  success  of  an  electrical  undertaking  depends  on 
supplying  efficient  and  reliable  service  in  an  economical  man- 
ner, and  in  order  to  secure  this  result  the  distribution  system  must 
be  carefully  designed  and  properly  installed. 

The  automatic  substation,  when  perfected  and  adopted,  will 
not  only  permit  a  great  reduction  in  the  number  of  ducts 
required  and  a  lower  first  cost,  but  will  provide  more  reliable 
service  and  bring  underground  distribution  within  the  reach 
of  many  small  companies  where  the  cost  of  this  class  of  service 
would  not  be  warranted  under  the  former  conditions. 

The  suggestions  offered  in  this  paper  are  based  on  many  years 
experience  and  are  made  with  a  sincere  desire  to  aid  those 
interested  in  this  class  of  work,  particularly  in  the  design  and 
installation  of  the  first  system  in  the  smaller  cities. 


THE  FOLLOWING  facts  and  suggestions  are  based  on  many 
years  experience  with  underground  distribution  systems^ 
and  are  stated  in  the  following  article  with  the  intention  of 
showing  the  importance  of  careful  and  intelligent  design  as  re- 
lated, not  only  to  the  first  cost,  but  to  the  economical  operation 
and  ultimate  value  of  the  completed  system. 

An  inspection  of  many  systems  has  made  it  evident  to  the 
writer  that  improper  design  is  responsil:)le  for  more  faults  than 
is  poor  construction,  and  it  is  with  a  sincere  desire  to  aid  others 
interested  in  this  work,  to  avoid  such  mistakes  in  the  future, 
that  these  suggestions  are  offered. 
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Distribution  problems  are,  therefore,  usually  very  complex 
and  permit  of  several  methods  of  being  solved.  It  is  only  by 
a  careful  study  of  the  conditions  and  foresight  as  to  the  future 
requirements  of  the  system  that  a  satisfactory,  economical  and 
efficient  design  can  be  developed. 

The  conditions  under  which  underground  cables  and  equip- 
ment operate  are  more  severe  than  on  overhead  systems,  and 
a  thorough  knowledge  of  tlicse  conditions  is  absolutely  neces- 
sary, and  must  be  kept  in  mind,  in  selecting  cables  and  equip- 
ment and  designing  the  conduit  system  for  their  installation. 
Overhead  wires  can  be,  and  frequently  are,  operated  far  above 
their  rated  capacity,  without  any  serious  danger,  but  under- 
ground cables  and  equipment  must  be  operated  within  certain 
definite  limits  in  order  to  avoid  serious  damage,  if  not  total 
destruction. 

Economy  of  distribution  is  equally  as  im]jortant  as  economy 
in  production,  ]}articularly  at  the  present  time,  when  practically 
all  public  utility  companies  are  regulated,  to  a  greater  or  less 
extent,  by  state  or  munici])al  commissions.  First  cost  is  not, 
therefore  the  only  factor  that  should  be  considered,  as  economical 
operation  and  reliability  of  service  are  equally  as  im])ortant  in 
the  financial  success  and  growth  of  the  business. 

Except  in  the  large  companies,  there  is  probably  no  branch 
of  the  business  that  has  been  given  less  thought  and  study  than 
underground  work;  in  many  cases  the  princij)al  object  e\ndently 
has  been  to  get  the  wires  out  of  sight  at  the  Icust  ] Possible  ex- 
]:)ense,  with  no  attcm])t  being  made  to  improve  the  system  of 
distribution  and  little  or  no  regard  for  the  future  development 
of  this  class  of  service. 

The  ojjeration  of  an  underground  s\'stem,  when  })ro])crly 
designed,  installed,  and  maintained  guarantees  the  most  reliable 
and  efficient  ser\'icc  of  any  method  of  distribution  ever  employed; 
the  financial  l)enefit,  directly  due  to  tins  class  of  service  is,  in 
many  cases,  a  proof  of  ilic  \\is(lom  of  its  installation. 

While  it  is  admitted  that  underground  systems  are  expensi\e 
to  install,  still  it  must  be  remcml)ered  that  a  conduit  system  is 
a  permanent  structure,  has  little  or  no  depreciation;  on  the 
contrary  it  will  increase  in  value  as  the  importance  of  the  section 
it  serves  is  develoijed.  Considering  the  first  cost,  ])ermanent 
nature  of  the  undertaking,  and  importance  of  economical  and 
reliable  service,  it  is  advisable  to  make  a  thorough  study  of  the 
conditions  and  future  requirements  of  the  service  on  which  to 
base  a  design  of  the  proposed  system. 
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In  dcsi^minp:  an  underground  distribution  system  there  is  one 
important  fact  that  must  always  be  considered — the  system 
should  be  designed  to  serve  the  entire  district  that  can  reason- 
ably be  expected  to  ever  require  this  class  of  service.  Such  a 
design  permits  of  a  systematic  scheme  being  developed  for  the 
whole  district,  uniform  methods  of  construction,  and  standard- 
ization of  equipment. 

If  this  method  is  followed  it  is  then  possible  to  install  any 
section,  from  time  to  time  as  the  service  demands,  and  each  com- 
pleted section  will  fonn  a  part  of  the  whole  general  scheme  and 
eventually  develop  into  a  system  rather  than  a  collection  of  more 
or  less  useful  sections  of  conduit. 
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arrangement  of  the  inventory  on  the  cards  will  depend  on  the 
requirements  of  each  particular  system. 

The  reverse  side  of  the  cards  can  be  used  for  showing  the 
number  and  location  of  the  transformer  supplying  the  service 
lateral,  consumers  fuse  box  and  other  information  connected 
with  each  consumers  service. 

These  cards  if-properly  corrected  will  form  a  permanent  record 
of  great  value  in  making  future  changes  and  balancing  the  load 
on  the  distribution  system. 

The  men  securing  the  load  record  should  be  provided  with 
paper  pads  printed  the  same  as  the  cards  and  the  permanent 
card  record  can  be  made  in  the  office  from  these  slips  and  the 
cards  be  kept  clean  and  neat. 

A  careful  inspection  should  be  made  of  each  building  to  de- 
termine the  most  suitable  location  for  the  new  underground 
lateral  in  order  to  reduce  the  cost  of  changing  the  inside  wiring 
as  much  as  possible.  Except  in  the  case  of  very  heavy  loads  or 
consumers  where  emergency  service  must  be  provided  for,  it 
is  advisable  to  supply  all  of  the  consumers  in  a  building  from  one 
lighting  and  one  power  lateral,  this  reduces  the  number  of 
laterals,  handholes,  and  fuse  boxes  and  permits  using  the  least 
amount  of  copper  by  taking  advantage  of  the  diversity  of  a 
group  of  consumers. 

The  lighting  and  power  load  can  be  plotted  on  one  drawing 
as  shown  in  Fig.  2  or  the  loads  can  be  plotted  on  separate 
plans,  the  latter  method  is  best  as  the  plans  for  each  system  can 
then  be  kept  separate. 

The  load  maps  for  each  system  should  show  the  total  load, 
both  in  the  underground  district  and  outside  of  it,  that  is  to  be 
supplied  by  cables  in  the  conduit  system  from  the  power  house 
so  that  ample  conduit  space  can  be  provided  and  the  most 
suitable  routes  and  sizes  of  feeders  determined. 

Having  the  lighting  and  power  loads  and  a  map  showing  the 
street  light  system,  the  next  step  is  to  determine  the  most  suit- 
able plan  of  distribution  to  be  adopted,  this  may  be  called  the 
critical  point  in  the  design  of  a  distribution  system,  for  on  the 
decision  depends  not  only  the  first  cost  of  the  installation  but 
the  reliable,  efficient  and  economical  operation  of  the  distribu- 
tion system. 

There  are  two  general  schemes  of  distribution: 

1.  To  supply  the  whole  city  from  one  power  house. 

2.  Divide  the  city  into  districts  and  supply  each  from  sub- 
stations, or  rather  from  the  power  house  and  substat\oxv5>. 
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tn  «un>  m'  ihe  ^^  ^ysUnm  ihe  first  method  was  used  and 
a  lai>;c  tiumbiT  of  ducU  were  imtallwl.  in  rm*  tnmch  rrom  the 
iMwor  housf,  It'  sen**  'he  whole  dty.  ttr  at  least  that  portion 
that  was  to  tw  sur>Iilicd  by  und«vro«od  e\'«iiiial!y  This 
ncccswlatt-d  prrn-irfinK  a  !arj:e  oumber  of  ?pare  ducti..  a  large 
ilcrwiitiiKf  "f  "  llich  rrniainerf  idle  for  years  and  not  inlrequently 
nrfltiUnl  in  t'lo  many  'lufts  in  some  places  and  »oo  few  in  others 
Xiit  I'lilv  WHS  Uie  first  cost  of  such  a  s>-stem  excessi\-e  but 
thi  TiUMihi'li"'  wL-ri-  almost  invariably  too  amall  to  accomnKjdate 
i1^'  iiu'iilitt'  of  I'lit'liw  that  ojuld  have  been  installed  in  all  of  the 
.IhiIo  <inil  linn'  L'vt-r  bet-n  use  for  them  The  most  stnioos  ob- 
^-,'H'iti  Ik  l)ii«  I'tin  Vi  that  the  losses  due  :o  the  heating  of  so 
^^,^tu  I'lilili"*  ir)  one  dnduit  run  are  exce^ve  and  materialty 
'■,\i\\\\  r  I  III-  iiirrvnnR  capacity  of  the  cables,  particularly  in  cables 
»«yi  \\\<\  lii|;  llii^  inntr ducts 

\ii<<ili(-r  <imous  objection  to  this  nwthod  is  that  a  bum-out 
vii  Mill'  uililt  is  practically  certain  to  damage  adjacent  atWcs 
itui  itiiiw  intemiption  of  Btrvice  ovtr  a  considerable  arva. 
t".(lill'>  nil  iindCTRrf/und  s>-sttTns  usually  affect  more  consumers 
Ukiii  im  iiii  overhead  sybtem  and  require  more  time  to  repair. 
fill  II  Inn-,  ti'i  ^y^iem  should  be  fiiisidered  that  does  not  permit 
t..  Hij'.  '.r-i  t,i(,nali2ed  and  have  reasonable  emergency  facilities 
|.Hiiii|'']  f'jr  re^torint;  ser\-ice  with  the  least  possible  delay. 

'I  III-  '.lij>;cti')ns  to  the  first  plan,  a?  stated  above,  preclude  its 
.iilii|,i.j',i]  (;>:cept  in  ver.'  small  cities  where  the  area  to  be  ser\-ed 
liy  11  r I' I '-ri' round  di^tributifm  is  limited,  and  the  total  number  of 

'I  )j':  -i.'.on'i  mt-thod  of  distribution,  when  properly  designed, 
,iv'.tii-  --ii:  oi  the  obk-ftionahie  feature-  ni  the  lirst  :nethod  and 
I  ,  ]|■.<.T•\'■■^.■ar'.■.■  adapted  to  the  modern  practice  of  in>tanmg  sub- 
i.ii:o:.-    -iippliiil    ny    hi,'h-tensioTi    feeders,    us    each    district    is 

'■::.■'.■■■;!'.■  f.-.d'-r-  nnd  -v.it.'.-.irii.'  vrjiiipiiient   ;pi.nnii-  llh-H  dis- 

'1  i.'-  '.id  -^lyin-  'That  you  sh'.uld  not  put  :i;i  <A  y..„r  c-,^-s  i:i 
o:,e  l„-i4;e-."  i.-  particularly  tnie  if  we  e!iani;e  the  w.,rds  ^li-htly— 
"Vou  should  not  put  all  of  your  feeder-  in  one  treiieh  or  mauliole" 
and  the  distribution  enf;ineer  ■.-.il]  be  wise  iu  keep  this  warnint; 
in  mind  as  far  .'i-  the  refjuircments  of  the  case  will  jiennit. 

Reliabli,-  service  and  economical  distribution  are  ahsulutely 
necessary  for  the  financial  success  of  every  li^dit  and  power 
company.     Reliability  depends  on  the  folluwiii:.,'  conditions: 
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1.  The  best  material,  equipment  and  workmanship. 

2.  Proper  selection  of  material  and  equipment  for  the  vser- 
vice  it  is  to  supply. 

3.  Efficient  protective  apparatus,  judiciously  installed. 

4.  Sectionalizing  apparatus  properly  located. 

5.  Continuity  of  supply,  by  feeders  over  different  routes  or 
an  arrangement  that  will  provide  at  least  two  sources  of 
supply  for  the  network. 

6.  Regular    and    systematic  inspection    of    the   distribution 
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(particularly  in  alleys  and  the  less  important  streets)  so  as  to 
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few  taps  on  them,  therefore  are  less  subject  to  damage  than  the 
rest  of  the  cables  and  are  easily  replaced  with  small  financial 
loss.  Small  reserve  capacity  is  all  that  need  be  provided  for 
this  class  of  cables. 

Paper  insulated  cable  can  be  used  to  advantage  frequently  at 
considerable  saving  providing  that  the  ends  are  properly  ter- 
minated in  compound-filled  potheads  or  varnished  cambric  or 
rubber  insulated  tails  used  for  connecting  to  the  equipment. 

Personally,  the  writer  does  not  approve  of  using  any  paper 
insulated  cable  on  distribution  systems,  except  on  cases  where 
the  emergency  facilities  are  such  that  the  failure  of  a  feeder 
cannot  cause  a  serious  interruption  to  the  service. 

In  small  companies,  where  competent  cable  men  are  not 
always  available,  the  use  of  paper  insulated  cable  on  the  dis- 
tribution system  is  not  advisable,  it  is  however,  well  suited  for 
high-tension  feeders  and  tie-lines. 

Subway  Equipment.  Due  to  the  liability  of  being  submerged 
occasionally  and  the  limited  space  usually  available,  for  its  in- 
stallation, subway  equipment  is  probably  the  most  prolific  cause 
of  trouble  on  underground  distribution  systems,  and  the  greatest 
care  must  be  used  in  selecting  and  installing  it. 

The  best  insurance  against  trouble  from  this  cause  is  to  provide 
reliable  sewer  connections  to  all  manholes  and  vaults  in  which 
subway  equipment  is  located.  Separate  the  primary  and  second- 
ary equipment  by  placing  the  transformers,  primary  fuses  and 
switches  in  a  vault  (preferably  located  under  the  sidewalk  ad- 
jacent to  the  manhole  in  which  the  secondary  junction  boxes 
are  located.)  This  arrangement  reduces  the  length  of  the 
secondary  mains,  which  are  usually  large  expensive  cable,  and 
lessens  the  liability  of  a  burnout  on  the  primary  equipment 
damaging  the  secondary  network.     See  Fig.  II 

The  object  in  placing  the  vaults  under  the  sidewalk  is  that  it 
is  seldom  possible  to  secure  sufficient  room  in  the  street,  also 
there  is  less  liability  of  the  vaults  being  flooded  from  surface 
water  and  they  are  more  accessible  in  the  winter  when  the  ground 
is  covered  with  ice  and  snow.  This  method  of  construction  is 
more  expensive  than  placing  all  of  the  equipment  in  the  man- 
holes but  the  added  security  is  well  worth  the  expense  on  an 
important  installation. 

Subway  transformers  should  not  be  set  on  the  floor  of  the 
vault  but  should  be  raised  so  that  the  air  can  circulate  under 
and  around  them.     Where  more  than  200  kw.  of  transformer 
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Never  handle  paper  insulated  cable  when  it  is  cold.  In  cold 
weather  it  should  be  kept  in  a  warm  place  until  it  is  to  be  in- 
stalled. Paper  cable  should  not  be  bent  shorter  than  eight  times 
its  diameter  and  should  be  warmed  before  bending. 

Always  provide  sufficient  men  and  power  to  safely  handle 
cable  during  installation,  when  the  cable  is  started  in  the  conduit 
try  to  maintain  an  even  steady  rate  of  pulling.  For  heavy  cable 
it  is  advisable  to  use  grease  or  powdered  soapstone. 

Ends  of  cables  should  be  kept  sealed  until  ready  to  be  spliced. 
Cables  should  not  be  left  hanging  from  the  duct  mouth,  but 
should  be  supported  on  hangers  with  as  little  bending  as  possible. 
The  final  bending  and  training  of  the  cables  should  be  done  by 
the  splicer  when  joining  the  sections. 

When  installing  a  new  system,  all  lengths  of  cable  should  be 
bonded  together  temporarily  as  soon  as  they  are  installed.  As 
soon  as  the  cable  system  is  completely  connected  up  tests  for 
electrolysis  should  be  made  of  the  whole  system  and  proper 
measures  taken  to  protect  the  cables  in  case  of  necessity. 

The  arrangement  of  cables  and  equipment  in  the  manholes 
and  vaults  must  be  carefully  planned  to  secure  neatness  and 
ample  space  in  which  to  work  and  operate  the  equipment  with 
safety. 

All  cables  and  equipment  should  be  plainly  marked  showing 
the  operating  voltage  and  system  it  is  used  for.  Where  single- 
conductor  cables  are  used  on  three-phase  circuits  they  should 
be  distinguished  by  different  colors  as  this  will  prevent  mistakes 
in  making  changes  as  only  cables  of  like  colors  should  be  con- 
nected together. 

While  it  is  admitted  that  it  is  impossible  to  install  a  system 
that  will  be  entirely  free  from  trouble,  it  is  possible,  by  carefully 
designing  the  system  to  prevent  many  of  the  faults  that  are  a 
constant  source  of  trouble  on  many  systems. 

Conduit  System.  The  conduit  system  should  be  designed  to 
serve  the  electrical  distribution  system  as  previously  designed. 
This  statement  may,  at  first,  appear  to  be  a  self  evident  fact, 
but  unfortunately  many  conduit  systems  are  not  arranged  to 
properly  and  economically  provide  facilities  for  installing  the 
proposed  cable  system.  It  is  not  an  uncommon  practise  to  in- 
stall a  conduit  system  based  on  a  general  assumption  of  the 
actual  requirements  of  the  electrical  system. 

The  writer  has  seen  conduit  systems  in  which  it  was  absolutely 
impossible  to  install  the  distribution  system  as  it  had  to  be 
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(jf  t'tltti  'iiul  wlili'tt  ltM<t  l<i  be  paj^taily  rebuilt  baore  tbe  cables 
toil  t>i|Mit>»"^il  i^intlil  lrt>  liutallc^.  These  are  so  doobt  excc|>~ 
lltijtiti  •tt*i>*  lott  It  iliiiw*  ihe  impor'Ance  ot  a  decmte  icethod  vi 
{■luiiitiitv  I'l  «lr«)){ninii  an  aiKlergrmiBd  discribatiixt  sysiem. 
Il  t«  «  I  ixontoi)  jirEictiM-  in  des^mng  cooiicit  sy^mr?  :i>  svlert 
.litJ>U  III  iillt'V4^nvin|f  the  cheapest  carernent  in  which  i>.>lixace 
il.«'  iiiitilull,  (iiift  liii^n  iittempt  to  St  th«  rlevtrieal  distribatioT) 
iir  Dxu  tro'ilixn,  anil  the  remit  t5  int-ariahiy  Tmsatisrainrry-  and 
ll>r  Mivtnit  in  ih«  ermi  in  repaviag  is  freqceniiy  e&i^vd^d  by  the 
■tililiiKiniil  "nt  nt  cables,  and  the  IoCaI  coet  of  the  sysem  ifaus 

l(  •hriil'l  lir  realized  that  a  prnpcrly  deEiEoetl  ftnd  E^^ostracred 
<iiiif]iiit.  •y»t«n  id  a  \"alufifale  pt»>t<Tty.  and  a  penman  en  t  stnic- 
tiir*-  h»vin^  In^le  or  no  depreciitjoti,  and  its  imponance  in  the 
mil].!/  >4  tAeexncsi  energy  irarTsnts  ifae  grvuesi  caiv  being  uken 
in  It*  dwtgn  and  ootHtmction. 

(■/.fwluit-  i;.-?unns  ihac  an;  tc  serve  higb-iensi>>n  m-  ne  lines 
l^lwf-ftn  mh^tations  can  lie  Iixrated  sr.  ss  to  avivid  the  rrore  ex- 
Ii«wivc  (lavements,  bat  conduit  used  excltisi\-ely  for  diKribuiion 
■y^tfrnu  ihiiuW  be  lotated  so  its  '.o  best  serve  the  elenriira!  re- 
'luiremetils  r^?..":^  *'?5'^^    n  •^•-  Vrr'  ■■•  r  -,.  — -,?-"  ■  f.  -^e  iTy^er? 

fri  a  f.rjTxilmx.  system  useci  escl-asiveiy  for  distribution  i  where 
;iil  'AJr'r^  IT. '-I.St  be  placed  '.ir.deri^our.d  the  best  'ii>;ation  is 
■:-:■.>:'.'.■;  ■-.  -'r.'-  Streets,  ir.  dties  bar-ins  an  alley  ir.  each  block 
•'r.':T':  :-  i  str'j'i:  tendenoy  t'l  '■:-oate  the  conduit  :r.  the  alley. 

7  r."  ''.'-^ir':  :•;  utilise  tr.e  alleys  is  based  on  the  :ac:  that  the 

lir.'-i  hT".  ir.  the  alleys  the  bt:iidir.;rs  are  s-jprliiC  :"ront  the  rear, 


:  ar.d  t.-.e  space  avjiia::-;e 
-j-.;:ldir.i;  line  is  very  irre.;-^' 
:  to  the  aiiey.  and  freq-^ient 
'.  the  rear  or  the  main  btiiL 
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laterals  would  be  greater  than  front  ones  and  the  difficulties  and 
cost  of  installation  considerably  more;  the  greatest  objection  is 
that  the  rear  laterals  would  not  be  permanent  in  many  places 
but  would  have  to  be  changed  whenever  any  new  building  con- 
struction or  changes  were  made. 

Where  alleys  are  located  in  the  business  section  of  a  city  they 
are  usually  used  by  the  merchants  for  receiving  and  shipping 
goods  and  are  subjected  to  a  heavy  traffic,  considering  the 
limited  space.  The  merchants  are  practically  all  consumers  of 
electric  power  and  will  strongly  resent  any  interruption  to  their 
trucking  facilities. 

Owing  to  the  limited  space  in  the  alleys,  and  the  amount  of 
traffic,  it  is  practically  impossible  to  store  any  material  in  them, 
consequently  all  material  used  on  the  conduit  system  must  be 
stored  in  the  adjacent  streets  and  usually  wheeled  in  by  hand. 
This  work  and  the  excavation  for  manholes,  removal  of  surplus 
material  etc.,  will  practically  close  the  alley  to  traffic  and  the 
inconvenience  of  doing  the  work  will  greatly  increase  the  cost 
of  construction. 

There  is  another  serious  objection  to  using  the  alleys.  An 
average  block,  in  cities  having  alleys,  is  about  300  by  300  ft. 
(91  by  91  m.)  and  usually  has  at  least  twelve  separate  buildings 
in  it,  in  the  business  section  there  are  generally  more.  When  the 
distribution  system  is  located  in  the  alleys  all  of  the  buildings 
in  a  block  are  supplied  from  one  secondary  main  which  practically 
doubles  its  size,  and  the  number  of  laterals  that  must  be  con- 
nected to  it  require  frequent  handholes  in  order  to  reduce  the 
length  of  the  laterals.  This  entails  more  complicated  and  ex- 
pensive splices,  cuts  the  main  into  short  lengths,  and  in  case  of 
serious  trouble  puts  the  whole  block  out  of  service. 

As  a  general  rule,  with  the  single  exception  of  requiring  less 
conduit,  the  alley  construction  is  less  desirable  than  a  system 
installed  in  the  streets.  This  statement  applies  to  the  business 
district  of  a  city.  Where  overhead  laterals  can  be  used  in  a 
residential  section  the  alleys  are  ])referable  for  the  location  of 
the  conduit,  and  as  the  traffic  and  obstructions  are  usually  con- 
siderably less  in  such  sections,  the  construction  cost  will  be  cor- 
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ditions  are  seldom  accurate  still  a  study  of  these  records  and  the 
location  of  water  gates,  sewer  manholes  and  other  surface  in- 
dications will  permit  a  fairly  accurate  map  being  prepared. 

Where  there  is  any  doubt  regarding  space  being  available  for 
the  conduit  and  manholes  it  is  advisable  to  dig  test  holes,  and 
if  possible  they  should  be  dug  at  the  points  where  it  is  proposed 
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Discussion  on  ^'Underground  Distribution  Systems*'  (New- 
ton), Chicago,  September  20,  1916. 

T.  E.  Tynes:  This  most  excellent  paper,  prepared  by  Mr. 
Newton,  and  so  very  ably  presented  by  Mr.  Gear,  covers  the 
question  of  underground  distribution  of  energy  in  a  very  broad 
way.  Mr.  Newton  has  given  a  great  deal  of  time  and  thought 
to  this  question  of  underground  distribution,  and  while  the  paper 
applies  particularly  to  the  distribution  of  energy  in  cities  and 
congested  districts,  such  as  we  have  here  in  Chicago  and  in  other 
large  cities,  the  principles  involved  are  applicable  to  any  under- 
ground system  which  we  may  have  occasion  to  use  in  steel  mills, 
such  as  the  construction  of  conduits,  the  making  of  joints,  the 
position  of  switches,  etc. 

Alfred  F.  Hovey:  A  great  deal  of  time  might  well  be  given 
to  the  discussion  of  this  paper  as  regards  the  detailed  construc- 
tion of  the  conduits  and  cables.  There  is  one  statement  which  in- 
volves a  rather  dangerous  point;  the  author  states:  ** Where 
triplex-conductor  cables  are  used  on  three-phase  circuits,  they 
should  be  distinguished  by  different  colors  as  this  will  prevent 
mistakes  in  making  changes,  as  only  conductors  of  like  colors 
should  be  connected  together."  I  have  personally  encountered 
a  good  deal  of  difficulty  from  just  that  kind  of  a  specification. 
It  is  almost  next  to  impossible  to  make  joints  that  will  be  ser- 
viceable for  a  long  term  of  years,  such  as  good  joints  should,  and 
at  the  same  time  secure  the  matching  of  colors.  The  time  has 
come  when  we  are  using  large  conductors  in  sector  form,  and 
under  those  circumstances  it  is  still  more  difficult  to  match  these 
colors.  Very  often  it  requires  one  of  the  conductors  to  be 
drawn  through  and  between  the  other  two  conductors  in  order 
to  match  the  same  color,  and  there  is  no  safe  way  of  identifying 
the  conductor  and  be  sure  you  are  right,  except  by  making  a 
test  one  way  or  another,  without  possible  damage  to  the  insu- 
lation. Jointers  find  they  cannot  make  as  good  a  joint  where 
they  attempt  to  match  the  colors.  The  cable  has  to  be  manu- 
factured in  a  certain  way,  so  that  the  lay  is  all  one  way,  and  the 
cable  has  to  be  pulled  in,  in  a  certain  direction,  and  sometimes  it 
is  imi)ossible  to  feed  the  cable  into  one  of  the  manholes,  but  it  has 
to  be  pulled  by  means  of  a  series  of  blocks  and  tackles,  but  if  the 
cable  is  not  drawn  in  exactly  right,  it  is  extremely  difficult  to 
straighten  out  the  lay  of  the  conductors  at  the  joint,  so  to  match 
the  conductors,  although  it  sometimes  happens;  but  then  it  is  a 
matter  of  chance.  That  is  one  point  which  I  think  it  might  be 
well  for  engineers  to  avoid  in  making  up  specifications  to  secure 
a  perfectly  satisfactory  operating  system. 

Another  point  where  the  writer  of  the  paper  says:  ** Personally, 
the  writer  does  not  approve  of  using  any  paper-insulated  cable 
on  the  distribution  systems,  except  in  cases  where  the  emer- 
gency facilities  are  such  that  the  failure  of  a  feeder  cannot  cause  a 
serious  interruption  to  the  service."     Several  managers  of  works 
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conduits  in  our  steel  mill,  and  as  far  as  the  matter  of  trouble 

j^oes,  I  find  that  the  underground  system  is  more  reliable  and 
J j_i^i-  j^i ^1--   1--.1        J 
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could  walk  through  the  duct.  This  could  be  entirely  under- 
ground where  the  high  water  mark  allowed,  or  in  some  plants 
could  be  above  ground  and  used  for  a  Hne  fence.  This  system 
of  installation  would  give  the  advantages  of  both  the  present 
systems  without  any  of  the  disadvantages. 

T.  E.  Tynes:  We  have  quite  an  extensive  duct  system, 
originally  installed  about  ten  years  ago.  Our  plant  is  built  on 
land  that  was  a  swamp  and  there  is  a  great  deal  of  filled-in  land. 
We  have  experienced  some  trouble  due  to  the  settling  of  the 
ducts.  In  locating  a  duct. line,  especially  in  steel  plants,  great 
care  should  be  taken  that  this  line  is  installed  where  it  will  not 
be  interferred  with  by  future  construction,  as  it  is  a  very  diffi- 
cult matter,  after  a  duct  Hne  is  installed,  to  have  to  rip  it  up  to 
make  room  for  a  new  mill  going  in,  or  some  other  consider- 
ation arising,  which  is  of  sufficient  importance  to  cause  the 
ripping  up  of  the  duct  system. 

The  selection  of  a  suitable  foundation  on  which  to  build  the 
duct  line  is  very  important,  as  I  mentioned  the  trouble  we  have 
had  due  to  the  settling  of  the  land.  We  have  had  some  cable 
nearly  cut  off  due  to  the  setthng  of  the  ground. 

The  type  of  duct,  or  material  out  of  which  the  duct  line  is  con- 
structed, is  also  important.  In  our  plant  we  constructed  every 
circuit  of  vitrified  duct,  and  we  had  some  difficulty  with  cracking 
joints  which  has  allowed  one  thing  and  another  from  the  ground 
to  come  in,  and  these  substances  have  eaten  off  our  lead  coating 
right  where  the  joints  are.  We  have  been  troubled  considerably 
by  electrolysis,  and  upon  taking  out  cable  we  have  found  pin- 
holes, hardly  visible,  and  they  would  let  water  into  the  cable. 

Another  important  thing  is  making  the  splice.  To  make  a 
good  splice  you  should  have  the  joint  thoroughly  filled  with  a 
compound,  allowing  no  air  bubbles  to  be  formed,  as  in  time  the 
air  bubbles  will  cause  deterioration  of  the  insulation  and  produce 
a  breakdown.  We  do  not  know  the  reason  for  it,  but  we  have 
opened  up  joints  and  found  where  the  air  bubbles  destroy  the 
insulation,  and  that  increases  until  it  gets  to  the  lead  sheath  and 
then  the  cable  breaks  down. 

We  use  paper  and  lead-covered  cables.  We  have  had  them  in 
operation  now  on  2200  volts  for  ten  years,  and  have  had  no 
trouble  at  all  with  this  voltage.  We  have  had  trouble  on  our 
low-voltage  cable  due  to  electrolysis  and  improper  making  of 
the  joints. 

All  of  our  2200-volt  circuits  are  underground,  also  a  great  deal 
of  our  440-volt  circuits  and  250-volt  circuits.  We  are  now 
taking  the  250-volt  circuits  and  the  440-volt  circuits  and  putting 
them  overhead. 

We  feel  that  where  an  overhead  line  is  i}roperly  constructed, 
good  insulators,  and  line  put  up  in  a  permanent  way,  that  it  is 
much  better  for  transmitting  low  voltages  than  the  underground 
system.  There  is  less  trouble,  and  what  trouble  we  have  can 
be  seen  and   taken   care  of  before  it  is  too  far  advanced.     In 
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carried  a  distance  of  800  to  1000  feet  from  the  plant  to  the  point 
where  the  power  was  used,  and  in  order  to  keep  down  the  in- 
ductive drop  on  these  circuits  they  had  made  them  small,  but 
they  were  all  overhead,  and  the  drop  was  something  like  33  volts 
on  a  220-volt  system  in  that  distance.  If  these  cables  had  been 
placed  underground  and  made  three-conductor,  with  a  separa- 
tion of  only  perhaps  an  inch  between  centers,  the  inductive 
component  of  the  drop  would  have  been  very  much  less  and  the 
system  would  have  been  far  more  satisfactory.  As  it  was,  they 
were  unable  to  use  any  additional  power  at  the  other  end  of  the 
line  without  stringing  more  copper,  for  which  room  was  not 
available  on  the  poles. 

In  general,  single-conductor  cables  are  somewhat  preferable 
for  high-tension  work  where  the  lines  are  used  for  distribution 
purposes,  that  is  what  Mr.  Newton  has  called  secondary  feeders 
which  are  really  primary  distributing  mains. 

Whdre  joints  must  be  made  more  frequently,  for  connecting 
in  transformers,  it  is  easier  to  do  that  work  on  single-conductor 
than  three-conductor,  from  the  fact  that  the  opposite  polarities 
can  be  separated.  Frequently  that  work  has  to  be  done  on 
either  live,  or  very  close  to  live  wires.  In  general,  the  cost  of 
three-conductor  cables  is  sufficiently  less  than  single  conductors, 
to  warrant  theit*  use,  often  at  the  expense,  as  is  sometimes 
done  in  manholes  or  other  places  where  taps  are  made,  of  fanning 
out  into  three  singles.  If  the  manhole  lengths  are  long,  say 
four  hundred  or  five  hundred  feet,  it  is  usually  cheaper  to  make 
an  extra  wiped  joint  in  the  manhole,  going  through  with  singles, 
in  order  to  save  the  cost  of  extra  lead  that  would  be  put  in  the 
conductors  in  the  long  cable  line. 

In  regard  to  paper  insulated  cables,  Mr.  Newton's  statement 
is  very  well  considered.  He  agrees  they  should  be  used 
and  can  be  used  where  experienced  men  are  handling  them, 
but  his  statement  is  that  they  should  not  be  used  where  inex- 
perienced men  are  handling  them.  In  a  large  system,  such  as  that 
in  Chicago,  we  use  nothing  but  paper  cable,  even  for  laterals 
and  secondaries. 

There  is  no  difficulty  whatever  with  high-tension  cables  in 
taking  care  of  ends  if  they  are  provided  with  ])ot heads,  as  Mr. 
Newton  suggests. 

With  regard  to  the  facilities  which  are  |)rovided  for  in  emer- 
gencies, the  i)ot-head  is  so  arranged  that  it  is  an  easy  matter  to 
have  one  cable  act  as  a  reserve  for  a  group  of  cables,  doing  the 
same  class  of  service,  and  the  developments  in  recent  years  are 
quite  numerous  as  compared  with  what  we  used  to  have  to  get 
alonL^  with  in  the  wav  of  emereencv  facilities. 
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I  have  been  thinking  of  taking  out  the  old  duct  system,  and 
making  a  runway  through  the  plant,  with  a  reinforced  cover 
over  it,  and  ventilators  about  every  twenty  ft.,  with  air  ducts 
so  arranged  that  we  can  utilize  a  fan  in  case  of  burnout.  We 
had  a  serious  burnout  some  time  ago  when  the  cables  were  up 
to  120  deg.  cent,,  even  those  cables  which  were  not  carrying 
current. 

With  all  the  troubles  to  which  the  underground  cable  system 
is  incident,  there  is  one  thing  we  must  take  into  account.  We 
have  been  transmitting  about  15,000  kilowatts,  2200  volts, 
underground,  and  we  have  not  had  any  loss  of  life.  The  pre- 
vention of  such  loss  of  life  was  the  primary  object  in  installing 
an  underground  system,  and  we  also  have  not  had  any  motor 
losses  on  account  of  storms  or  lightning.  O  n  some  overliead 
systems  with  which  I  have  been  connected,  and  on  one  system 
in  particular,  we  had  a  bad  lightning  stonn  and  lost  fifteen 
motors  at  one  time.  That  kept  us  busy  for  some  time.  A 
couple  of  those  motors  were  big  ones  on  which  the  plant  depended. 
We  have  not  had  any  trouble  of  that  kind,  but  have  had  trouble 
with  cables.  Some  of  them  have  been  minor  troubles,  and  only 
one  very  serious  trouble,  and  the  trouble  1  refer  to  now  was  in 
the  case  of  a  cable  which  started  to  go  bad,  and  atlected  the 
adjacent  cable,  and  that  aftected  the  rest  of  them,  and  we  had 
our  whole  duct  system  hot. 

Regarding  the  running  of  these  wires  imderground.  As  was 
pointed  out,  when  you  support  the  individual  cables  on  porce- 
lain insulators,  the  question  of  induction  comes  in,  and  it  is  a 
question  whether  with  large  current  carrying  capacity  we  would 
not  run  into  a  lot  of  trouble  with  this  induction  elTect,  it  might 
be  better  to  install  the  lead  covered  cables  in  a  duct  system  where 
you  could  go  into  it  and  ventilate  it  and  get  your  gases  out,  in 
case  they  did  blow  up. 

Barney  W.  Gilson:  I  w^ould  like  very  much  to  liear  something 
from  Mr.  Gear  in  regard  to  the  limitations  as  to  size  of  ihree- 
conductor  cables.  It  has  been  my  experience  that  three-con- 
ductor cables  larger  than  500,000-cm.  are  very  difficult  to  handle 
and  install,  however,  w^e  now  have  two  oOO.OOO-cm.,  3-i)hase 
cables  in  operation,  and  have  some  700,000-c.m.,  3- phase  cables 
on  order.     These  last  will  be  laid  in  floor  duct,  and  not  pulled 
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lias  riDPJtr.it'^r\o  Di^nuBCTioy  ••Srgt.iaM 

wM  tfv  Uuit  pttrpTdM*  If  poTceiain  tnsnlUors  are  used  tiar 
mtpponing  ^.he  at.le:^.  ihe  lead  <ihea£hs  ^hoald  be  gujauded 
UJ  AVMii  any  p^Maihfe  flaflijer  v.  -he  men  hanrllmt;  nr  tourbing 
titK  learl  iheathn 

The  plamuns  of  the  manhole  layDoc  ia  tmfx^aac  to  aroad 
onnececMU"/  crivwinK  gver  each  other  ot  cables  m  the  manlKJlcs. 
If  a  ."liAsrani  i*  made  of  each  manhote  bet.3re  ^fae  cables  aiv 
drawn  in.  ^h'fWing  how  the  cables  will  run  atrross  oltmia^r  when 
the  'hjct  ^y«cm  is  hllerl,  it  shoakt  resoit  m  mach  besier  wijric 
and  avcrtd  trmibte  in  the  manholes 

The  trf^mble  with  r^Ies.  if  there  is  acy,  generaJly  occur*  va  the 
msnh'^leo  where  the  cable  has  to  (■«  bent — the  bending  oc  a 
cable  is  Ati  operation  that  reqwr^  ;ldn  and  experience,  [f  a 
b«m'«T  f^njr^.  it  is  most  Kkety  there  to  involv^e  'Mfaer  cables. 

I  belie%'e  that  jtinction  brcces  were  mendoneii  in  the  paper. 
It  t*  my  experience  thai  the>"  are  a  source  ot  tnoable,  whfle 
joint*  are  practically  a<  safe  a->  the  cable  itself 

f  agree  with  Mr  Hovey  on  the  paper  insulated  cable.  I 
fjcUe^e  that  it  i:^  fully  sa  reliable  a=  rubber  cable  and  the  jontj 
are  at  lea.^it  as  easily  made,  and  perhaps  mnre  ea^y  and  ^tdy 
than  on  rubfjer  cables 

George  T.  Street:  There  is  one  point  which  ha:*  been  brought 
'lur  in  rcvar-I  to  manholes;  the  tendency  in  the  past  ha;  been  to 
make  ih'^  ma-nhole  t<xj  imal!.  But  there  is  another  point  which 
has  not  t*cen  ^r■^■Tl^^c.r,^,]   an.i  (  -niTikiT  is  iniT."-r  ,ip-  ■  '^.'r   -^pA-^nry 


iuMv.uiTiul  j'.inf.int;.  but  it  mean.s  much  less  liability  ot  mechanical 
damat^';  :.'•  the  cs-hlt  in  installing  it  on  account  o!  reiluction  in 
■';ri~i'.n  while  flrawinf;  in,  and  [  think  that  is  one  point  which 
-.hf.ulfl  be  carefully  fon.^idered  in  lannj;  out  any  conduit  system. 

Fred  H,  Woodhull:  There  i^  one  thing  that  n-ill  have  co  be 
;^u;>r'i';'i  a^ain-.t  pretty  carefully  in  u.-ing  the  tunnel  s^-stem. 
Th';  "'^n'l'.-nf  y,  where  the  cables  are  cairieii  on  concrete  carriers. 
■-vh'.T',-  they  'Jirr/  heavy  cun"en:>.  i.>  to  have  them  clamped  in 
'.rn'-  •.•.■:r.-.  Th'^y  mu.-^t  lit  heH.  due  to  the  magnetic  effect.  I 
'^ili  ■',  rriin'!  .'in  f;:<perienf:e  I  had  ^ome  years  ago  in  connection 
/,ri;  'f;ri-ral  -.tatjon  v/ork  in  New  York  City,  where  a  short 
'itdii-  'rf'urred  bark  of  the  -wiichboard.  causing  ^ome  large 
;-^.'l  ",■  cn^'i  'ahle-  to  jump  off  of  the  cable  racks,  h  is  a  thing 
.■-hj'ti  ,■.-:!]  h;iv(-  rr,  t,e  ;;uar'ied  against. 

A.  F.  Hovey:  In  one  of  the  oldest  and  best  known  methods 
I'-r  linprr.otini.'  'able-,  in  rr.anholes  against  the  explosion  of  ad- 
l.i"Tjt  <-:i}i\>:-.  rotninon  rope  and  concrete  are  em])loyed.  The 
f'.rrij'T  j-  wound  -i.irally  around  the  cable  with  about  1  in.separa- 
iiou  l,'-o,vcirn  the  iurns,  and  the  cable  and  rope  are  then  plastered 
wirlj  a  OTIC  to  one  mixture  of  sand  and  cement.  The  rope  pro- 
■.i'li-  :i  roui'h  surface  to  which  the  concrete  clings  readily  and 
i'lvc .  :i  lii'htly  flexible  liack-f;round,  which  aids  somewhat  in 
prcvcTjiiDi;  (Tai  kini;  of  the  fireproofing  under  a  chance  blow. 

The  workmen'-,  hands  have  proved  to  be  better  than  any  tool 
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for  applying  the  cement  for  this  type  of  covering.  As  far  as  the 
fireproofing  qualities  alone  are  concerned,  this  covering  is  satis- 
factory, but  its  removal  presents  a  formidable  task.  Efforts  to 
reduce  this  difficulty  have  been  made  by  placing  the  turns  of 
rope  closer  together  and,  except  for  the  fact  that  rope  is  now 
rather  expensive,  this  method  of  protecting  cable  is  fairly 
satisfactory. 

Another  method  of  fireproofing  is  that  in  which  asbestos  mill- 
board, cut  into  3-in.  strips,  is  wound  around  the  cable  and  held 
in  place  by  a  fire  proof  paste,  silicate  of  soda.  This  covering 
proved  satisfactory  as  long  as  the  manholes  remained  dry.  but 
if  water  ran  in  and  covered  the  cables,  the  silicate  was  dissolved 
and  the  asbestos  loosened,  dropping  from  the  cable.  Recently, 
on  account  of  the  difficulty  in  obtaining  deliveries  of  asbestos 
millboard,  asbestos  listing,  a  woven  material  with  a  selvage  has 
been  substituted.  This  material  can  be  purchased  in  the  form 
of  3-in.  tape  and  wound  spirally  around  the  cable,  and  the  sili- 
cate of  soda  covering  is  used  to  hold  it  in  place. 

When  material  as  expensive  as  asbestos  is  used  for  fireproofing 
cables,  some  provision  should  be  made  for  salvaging  the  covering 
when  it  is  removed  from  the  cable.  A  simple  and  inexpensive 
way  of  doing  this  is  first  to  wrap  the  lead  sheath  of  the  cable  with 
strips  of  cheesecloth  dipped  in  paraffine.  One  layer  of  cheese- 
cloth is  sufficient.  Then  when  repairs  are  necessary,  the  as- 
bestos can  be  separated  easily  from  the  paraffined  cloth  and 
taken  off  in  long  strips.  If  these  strips  of  asbestos  are  carefully 
rolled  backward  during  removal,  they  can  be  preserved  and 
reapplied. 

In  what  is  perhaps  the  most  recent  method  of  fireproofing 
underground  cables,  a  layer  of  paraffined  cheesecloth  is  wound 
around  the  sheath  and  over  this  metal  lath,  covered  with  cement 
and  cut  into  strips,  is  spirally  wound.  The  cloth  is  applied  as 
described  above,  simply  to  aid  in  removing  the  covering.  The 
metal  lath  used  is  a  wire  mesh  covered  with  brick-clay  put  on 
under  pressure  and  baked,  the  resultant  product  being  a  web  of 
small  briquettes  which  can  be  applied  the  same  as  any  wire  or 
expanded  metal  lath.  This  makes  an  excellent  foundation  for 
the  cement  mortar,  as  it  is  porous  and  flexible.  The  cement  can 
be  applied  with  a  trowel  or  by  hand,  forming  the  covering  into 
a  homogeneous  mass.  While  this  type  of  covering  is  somewhat 
more  difficult  to  install  than  the  asbestos  covering,  it  is  consider- 
ably less  expensive,  as  calculated  from  the  prevailing  prices  of 
material.  It  can  easily  be  removed  by  breaking  the  cement 
covering  with  a  hammer  and  cutting  the  metal  lath  with  tinner's 
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I  would  add  one  more  point  in  regard  to  the  fireproofing.     In 
constructing  the  manholes,  the  scheme  of  putting  in  slate  slabs 
to  carry  the  cable  and  the  joint  through  the  manholes,  particu- 
larly in  the  oblong  or  egg-shaped  type,  seems  to  be  a  particularly. 
desirable  addition  to  the  conduit  system  itself.     It  gives  a  good  - 
support,  whether  the  cables  are  wrapped  or  not,  from  one  mouth 
of  the  duct  to  the  other  side.     It  saves  putting  in  a  lot  of  hangers>  . 
and  can  be  installed  by  putting  in  T-irons  along  the  wall  and 
the  stone  or  slate  slab  can  be  in  three  pieces,  one  long  piece 
under  the  joint,  and  a  section  on  each  side  of  the  joint,  and- 
furnishes  a  good  i)rotection  from  one  cable  to  the  other.       j-.     , 

T.  E.  Tynes:     One  speaker  brought  up  the  question  of  the 
number  of  manholes  to  install  for  the  duct  line.     Be  sure  to  get . 
enough.     In  our  new  lines  we  do  not  bring  out  all  cables  in  the 
same  manholes,  but  only  bring  out  one-half  to  alternate  man-. 
holes.     If  we  lose  one  set  of  cables  in  a  manhole,  w^e  are  only 
incapacitated  to  half  the  capacity  of  our  cables. 

We  have  also  used  the  method  of  wrapping  asbestos  tape . 
around  them  to  protect  them  in  case  of  a  ground,  and  that  is 
effective  except  where  there  is  gas  in  the  manhole.     We  have^ 
liad  sexeral  bad  fires  due  to  leaky  gas  mains  near  the  conduit 
line,  and  the  s}'stem  would  fill  up  with  gas,  and  that  gas  would 
destrox'  anything  ])ut  in. 

If  a  i)artial  ground  occurs  on  one  of  the  cables,  the  asbestos 
C()\cring  in  the  case  of  dry  manholes  is  sufficient  protection,  but 
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In  the  vicinity  of  power  houses,  where  large  numbers  of  cables 
must  be  brought  out,  this  problem  was  solved  in  our  most 
recent  installation  by  the  use  of  24-duct  runs.  These  24-duct 
runs  came  out  of  three  or  four  different  busses,  and  fanned  out 
into  4-duct  lines,  going  to  a  series  of  manholes  which  led  out 
from  three  different  conduit  systems.  Three  conduit  systems 
went  in  different  ways  to  the  station,  and  by  doubling  the  man- 
holes on  each  of  the  conduit  systems,  and  fanning  out  a  group 
of  4  from  each  of  the  24  into  the  manhole,  all  of  the  cross-overs 
were  taken  care  of  underground  and  a  system  was  devised  by 
which  a  cable  could  be  brought  into  any  conduit  system  or  by 

...u:^u   ,..^*  1 :„ i,..i^ 
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STEEL  CONDUCTORS  FOR  TRANSMISSION  LINES 


BY    H.   B.   DWIGHT 


Abstract  of  Paper 


The  electrical  tests  of  some  steel  conductors  of  moderately 
large  size  have  been  published,  and  they  indicate  that  there 
is  an  opening  for  the  profitable  use  of  steel  cables  on  the  branch 
lines  of  power  systems  of  all  voltages,  in  the  same  way  that 
small  steel  conductors  have  already  been  used  on  branch  lines 
at  low  voltages.  Mechanical  weakness  or  corona  loss  prohibits 
the  use  of  small  copper  or  aluminum  conductors  in  many  cases, 
and  so  steel  becomes  preferable. 

Steel  cables  will  not  generally  be  economical  on  main  trans- 
mission lines,  except  for  long  spans,  and  for  high  altitudes  where 
corona  is  excessive.  They  may  be  advisable  as  bare  conductors 
for  direct-current  railway  feeders.  They  deteriorate  more  rapidly 
than  copper  conductors. 

Steel  cables  for  alternating  current  should  be  finely  stranded 
and  the  different  groups  of  wires  should  be  spiraled  in  opposite 
directions.  Fortunately,  medium-priced  grades  of  steel  give 
better  results  with  alternating  current  than  some  more  expensive 
grades.  The  characteristic  increase  of  resistance  and  reactance 
with  increase  of  current  or  frequency  may  be  valuable  for  limit- 
ing lightning  and  switching  surges  and  short-circuit  currents. 

As  there  are  large  differences  in  electrical  characteristics 
between  different  grades  of  steel,  it  is  desirable  that  tests  of 
medium  priced  steel  cables  manufactured  in  America  be  made 
and  published,  so  that  the  data  can  be  used  in  the  designing 
of  transmission  lines. 


THE  RESULTS  of  a  number  of  tests  of  the  electrical  prop- 
erties of  steel  wires  and  cables  when  used  as  conductors 
of  alternating  current,  have  been  published.  Although  these 
tests  are  incomplete,  especially  as  regards  the  use  of  steel  con- 
ductors in  America,  they  show  some  attractive  possibilities, 
from  both  commercial  and  engineering  points  of  view,  for  the 
use  of  steel  instead  of  copper  in  certain  classes  of  work. 

Attention  is  here  called  to  the  peculiar  properties,  the  ad- 
vantages and  disadvantages,  of  steel  conductors,  in  order  to 
point  out  the  advisability  of  making  complete  tests  of  American 
grades  of  steel,  so  that  electric  power  companies  may  make  use 
of  this  material  for  the  cases  where  it  proves  economical^and 
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advisable  for  transmission-line  work.  Already,  small  sizes  of 
steel  conductors  have  been  used  with  success  in  America,  and 
this  practise  may  be  extended  by  a  knowledge  of  the  character- 
istics of  large  steel  cables. 

As  is  well  known,  the  resistance  of  an  iron  or  steel  conductor 
is  considerably  Rreater  for  alternating  current  than  for  direct 
current.  This  is  partly  due  to  the  skin  efTect.  that  is.  the  crowd- 
ing of  the  alternating  current  to  the  outside  parts  of  the  con- 
ductor by  the  alternating  magnetic  flux  in  the  conductor,  and 
partly  to  hysteresis,  or  iron  loss,  caused  by  the  alternating  mag- 
netic flux  in  the  steel.  In  the  case  of  copjier  or  aluminum  trans- 
mission-line conductors  of  usual  size,  the  skin  effect  increases 
the  effective  resistance  only  one  or  two  per  cent  and  so  is  practi- 
cally negligible.  But  in  the  case  of  iron  or  steel  conductors, 
the  flux  has  a  magnetic  path,  and  so  attains  a  value  from  20  to 
several  hundred  times  as  great  as  in  a  non-magnetic  conductor. 
The  result  is  that  the  skin  effect  is  very  pronounced  and  the 
efTcctive  resistance  is  increased  by  a  large  amount,  in  some  cases 
by  100  or  200  per  cent  or  more.  However,  the  conclusion  should 
not  be  assumed  that  steel  cables  are  unsuitable  for  alternating 
currents,  Tlic  tests  so  far  ptiblishcd  gn  to  show  that  it  is  as 
necessary  for  an  iron  a-c,  conductor  to  have  fine  strands  as 
for  an  iron  core  to  have  thin  laminations.  The  tests  also  indicate 
that  if  the  strands  are  moderately  fine  and  are  properly  put 
together,  the  increase  of  resistance  at  25  or  BO  cycles  may  be 
kept  down  to  a  reasonably  small  percentage.  This  is  shown  in 
Figs.  1  to  0. 

The  curves  shown  with  this  paper  have  been  derived  from 
test  curves  published  in  the  Elcklrolclinisclie  Zeitschrijt  of 
J.'iniiary  2S.  li'l").  They  rcfcrfor Uiemost parttoagradeof steel 
cir ipJiKcallcil  ll-nii,  which isamedium grade reconnnended  in  the 
above  .-irliilc  for  alternating-current  work»,  That  its  cost  is 
rfasnn;ibly  I'lw  is  iniHcatcd  by  the  fact  that  two  other  grades 
of  sU'cl  were  tested,  each  stated  to  be  purer  and  more  expensive. 
;ind  ,(lso  to  havi'  greater  skin  effect,  than  the  grade  H-oo. 
Altlioujili  the  puror  miiterial  has  higher  conductivity  for  direct 
cTirreiit,  it  li;is  also  ;.;re;iter  permeability  to  magnetism,  which 
is  -A  ilis:ulv,inta:.;c.  Thus  the  cheaper  grade  was  found  to  be 
innre  suitable  for  .i-c.  work.  The  same  conclusion  was  also 
stated  in  a  riTcnl  Imlklin.  No.  J,'>2  of  the  liiireau  of  Standards. 
Washin-lon.  D.  ('.,  by  J.  M.  Miller,  who  found  that  of  the  wires 
tested,  the  grade  with  the  highest  resistance  to  direct  current 
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had  the  lowest  resistance  to  alternating  current,  and  was  also 
the  least  expensive.  The  tests  on  American  steel  wire  described 
in  the  above  bulletin  show  somewhat  less  skin  effect  than  that 
of  grade  H-oo  steel  wires. 

The  tests  on  grade  H-oo  steel  were  originally  expressed  in 
centimeter  units  and  were  made  at  50  cycles.  The  curves  have 
been  rearranged  for  English  units  and  for  60  and  25  cycles,  and 
put  on  a  base  of  amperes  per  cable,  so  as  to  apply  to  American 
transmission- line  conditions.  The  Bureau  of  Standards'  tests 
described  in  Bulletin  No.  252  show  that  at  commercial  frequen- 
cies the  increase  of  resistance  is  approximately  proportional  to 


the  frequency,  and  this  property  was  made  use  of  in    making 
the  above  triinsfomiations. 

The  cur\'cs  of  internal  reactance  of  steel  cables  published 
in  the  article  referred  to  above,  art  shown  in  Fig.  7.  These 
curves  do  not  refer  to  grade  H-oo  steel,  but  to  a  grade  of  higher 
permeability.  This  grade,  as  shown  by  resistance  curves  in 
the  original  article,  has  more  increase  of  resistance  than  grade 
H-oo,  for  the  same  si/e  and  stranding  of  cable.  Presumably, 
therefore,  grade  H-oo  would  have  somewhat  lower  values  of 
reactance  tlian  those  of  Fig.  7.  The  tests  show  Uiat  the  resis- 
tance curve  and  the  reactance  curve  of  a  given  cable  reach 
their  maxima  at  about  the  same  value  of  current.    It  is  of  inter- 
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in  the  absence  of  more  complete  data.  The  external  reactance 
should  be  taken  from  rejoilar  transmission-line  tables  and  added 
to  the  internal  reactance  to  f:ive  the  total  reactance.  The 
above  is  the  method  by  which  the  examples  at  the  end  of  this 
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paper  have  been  worked.  It  is  merely  approximate,  and  the 
caution  should  be  civen  that  for  practical  designing,  test  curves 
of  the  resistance  and  reactance  of  the  actual  type  of  cable  to 
be  used  should  be  employed. 
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the  current  flowing  in  case  of  a  short  circuit.  The  impedance  will 
also  be  large  to  high-frequency  surges  caused  by  switching  or 
lightning.  It  may  prove  more  economical  in  certain  cases  to 
protect  a  line  against  short  circuits  and  surges  by  using  steel 
conductors  than  by  in^alling  current- limiting  reactors  or  by 
increasing  the  reactance  of  the  transformers. 

This  property  may  also  be  of  use  in  the  case  of  feeders  of 
direct-current  interurban  railways.  If  the  feeder  be  a  steel 
cable  it  will  have  low  resistance  to  direct  current,  but  high  im- 
pedance to  alternating  currents.    It  will  therefore  tend  to  damp 
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out  the  suddenness  of  short  circuits,  and  lightning  surges,  which 
cause  synchronous  converters  and  generators  to  flash  over.  That 
there  is  need  of  taking  precauliuns  against  flash-overs  in  this 
way  is  shown  by  the  fact  that  it  has  already  become  the;  practise 
to  make  the  nearest  connection  between  a  feeder  and  the  trolley 
wire  several  thousand  feet  from  a  synchronous  converter  or 
generator  so  that  the  latter  will  be  protected  by  the  resistance 
of  a  long  stretch  of  feeder  in  case  of  surges  or  sliort  circuits.* 
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If  the  feeder  be  made  of  steel,  and  especially  if  the  stranding; 
be  coarse,  the  required  protection  will  be  still  more  complete. 
Steel  conductors  would  probably  be  economical  only  where  it 
is  allowable  to  use  bare  cables,  for  the  large  size  of  steel  cables 
compared  with  copper  ones  would  greatly  increase  the  cost  of 
the  insulating  covering. 

The  higher  conductivity  of  steel  for  direct  current  than  for 
alternating  current  makes  the  use  of  bare  steel  cables  for  d-c. 
feeders  more  economical  than  for  a-c.  lines.  A  steel  cable  has 
about  eight  times  as  much  resistance  to  direct  current  as  a  copper 
cable  i)f  the  same  size,  and  therefore  seven  times  as  much  resis- 
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because  copper  or  aluminum  would  be  too  weak  for  such  long 
spans,  and  a  much  stronger  material,  like  steel,  was  absolutely 
necessary  in  order  that  the  transmission  line  should  be  mechan- 
ically safe. 

Another  application  of  steel  conductors  which  has  already  met 
with  success  is  for  small  size  conductors,  as  mentioned  in  the 
second  paragraph.  Here  again  it  has  not  been  the  relative  conduc- 
tivity, but  the  greater  tensile  strength,  which  has  induced  the 
choice  of  steel  rather  than  copper.  It  is  not  the  practise  to  use 
a  smaller  copper  ware  than  No.  6  (0.162  in.  or  4  mm.  diameter) 
for  overhead  lines,  because  any  smaller  copper  wire  would  be 
mechanically  too  weak.  But  it  is  often  profitable  to  supply  a 
small  load  at  a  distance  of  several  miles,  which  would  require 
only  a  fraction  of  the  conductivity  of  a  No.  6  copper  wire,  and 
in  such  cases  a  No.  8  or  larger  steel  conductor  has  been  found 
to  have  sufficient  conductivity  and  mechanical  strength,  and 
to  cost  much  less  than  No.  6  copper. 

According  to  a  description  recently  published,*  a  large  60- 
cycle  power  system  in  the  State  of  Washington  makes  use  of  a 
considerable  quantity  of  No.  8  iron  wire  for  short  tap-offs  and 
lightly  loaded  branch  lines  on  6600-volt  circuits,  without  serious 
trouble  resulting  from  voltage  drop.  This  iron  wire  is  of  course 
far  cheaper  than  No.  6  copper.  One  line  built  by  the  above 
company  is  an  example  showing  that  it  may  be  profitable  to 
supply  a  surprisingly  small  load  at  a  distance  of  several  miles. 
This  line  is  10  miles  long  and  was  originally  built  with  No.  8 
copper  clad  steel  to  supply  a  50  h.p  motor  load  at  6600  volts. 
The  line  afterward  carried  110  h.p.  for  some  time  and  was  later 
changed  to  No.  6  copper  in  order  to  have  a  cai)acity  for  a  still 
greater  load. 

An  example  from  Minnesota  shows  the  use  of  a  somewhat 
larger  steel  conductor.  This  line  o])eratcs  at  40,000  volts,  60 
cycles,  and  is  20  miles  long.  No.  4  galvanized  steel  cable,  made 
of  3  wires,  is  used.    The  load  is  about  300  kv-a. 

The  above  examples  show  that  a  power  coni])any  can  build 
up  new  loads  by  sending  out  to  considerable  distances  numerous 
inexpensive  lines,  using  small  steel  conductors.  The  cheapness  of 
the  lines  and  of  the  outdoor  transformers  makes  a  ver>'  small  load 
profitable,  and  the  chances  of  obtaining  larger  loads  are  increased 
by  building  lines  into  new  territory.     Most  of  the  small  steel 

*The  Electrical  World,  p.  469,  Aug.  28,  1915.  See  also  similar  exam- 
ples described  in  the  Electrical  World,  p.  820,  April  8,  1916. 
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conductor  lines  appear  Lo  use  soliii  wire  of  the  kind  which  has 
been  deve!of)ed  and  sold  for  telegraph  and  telephone  work, 
but  a  stranded  cable  would  seem,  according  to  the  tests  referred 
to  in  this  pajicr,  to  be  more  suitable  for  a-c,  transmission  of  power. 

A  line  with  small  conductors,  where  steel  is  cheaper  to  employ 
than  the  minimum  size  of  copper,  is  described  in  Example  I. 
Here,  a  seven-mile  steel  line  can  he  designed  for  75  kv-a.,  but  the 
smallest  copper  line  that  can  be  desiRned  would  be  rated  at 
750  kv-a.  Thus,  while  the  poles  and  insulators  will  be  the  same 
in  both  cases,  the  steel  conductors  will  cost  only  J220  against  a 
cost  of  $2600  for  copper.  It  is  this  large  difference  in  cost  which 
has  been  the  main  reason  for  using  steel  conductors  nn  the  branch 
lines  of  the  power  systems  iire\'iousl  y  mentioned .  This  difference 
in  cost  of  course  is  greatest  when  the  ]>rice  of  copjjer  is  highest. 

Besides  being  cheaper  than  the  copper  cable  for  small  branch 
lines,  the  steel  cable  has  the  ad\-antage  of  being  mechanically 
stronger  and  less  liable  to  be  burned  through  by  arcs.  The  steel 
line  lias  therefore  greater  reliability  at  times  of  wind  and  sleet 
storms  and  at  times  of  electrical  breakdown  or  trouble.  Steel 
cables  are  subject  to  the  disadvantage  that  their  useful  life  is 
i^hortcr  than  that  of  copper  cables,  pspccifilly  near  the  sea-coast, 
where  galvanized  steel  is  more  quickly  oxidized. 

['Example  1  shows  also  the  advantage  of  using  fine  stranding. 
The  seven-wire  sice!  cable  gives  9,6  per  cent  drop,  while  a  solid 
steel  wire  of  the  same  cross  section  has  12.5  per  cent  drop  at  the 
given  load,  according  to  the  tests  of  grade  H-oo  steel. 

ICxamplcs  II  and  III  show  comparisons  at  60  and  25  cycles 
between  steel  and  copper  conductors  in  regular  transmission  line 
work  where  tlie  conditions  arc  equal  for  comp'ctition  between  the 
twf)  inalcrials.  The  jiriee  of  cfijjpcr  cable  per  pound  may  be 
assumed  as  being  10  limes  Ihat  of  galvanized  steel  cable.  This 
ratio  is  a  usuiil  one,  being  a]iproxiniatcly  true  for  times  of  low 
prices  of  metals  as  well  as  times  of  high  prices.  The  lack  of 
data  on  the  reactance  of  a  steel  transmission  line  makes  com- 
parisons somewliat  uncertain,  but  from  the  available  data  it 
seems  probable  tliat,  considering  the  line  com])lete  with  towers 
and  insulators,  it  will  cost  for  UO  cycles  quite  as  much  to  use 
sled  conductors  as  copi>er,  for  heavy  transmission -line  work, 
where  the  extra  weight  of  stce!  cables  is  troublesome.  For  25 
cycles  there  may  be  a  saving  by  using  steel.  However,  there 
arc  many  cases  where  the  extra  strength  and  size  of  steel  cables 
are  advantageous,  and  so  at  present  the  chief  attention  should 
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be  given  to  the  classes  of  work  where  steel  can  show  other 
advantages  than  merely  low  cost  on  a  basis  of  carrying  capacity 
for  alternating-current  power. 

A  transmission  voltage  of  100,000  or  more  is  now  fairly  com- 
mon. It  is  also  a  matter  of  observation  that  the  cost  of  high- 
tension  substations  of  the  above  \w)ltage  is  decreasing,  especially 
where  outdoor  substations  are  used.  It  is  not  possible  to  use  a 
small  copper  or  aluminum  conductor  on  a  100,000- volt  line  on 
account  of  corona  loss,  as  is  indicated  by  the  corona  limits  of 
voltage  given  in  examples  II  and  III.*  Therefore  the  phe- 
nomenon of  corona  puts  a  limitation  on  the  smallest  allowable 
conductor  of  a  100,000- volt  branch  line,  in  exactly  the  same  way 
that  mechanical  strength  fixes  the  minimum  size  of  wire  for  a 
low-voltage  line,  as  previously  described.  Therefore,  steel  con- 
ductors have  an  opening  for  use  on  branch  lines  supplying  a 
few  thousand  kv-a.  on  net  works  of  100,000  volts  and  higher. 
This  is  especially  true  in  mountainous  districts,  where  corona 
limits  of  voltage  are  lower,  and  where  the  other  advantages  of 
steel  lines,  namely  mechanical  strength  and  ability  to  resist 
burning  by  high-tension  arcs,  are  especially  valuable.  In  rugged 
country,  also,  the  long  spans  permissible  with  steel  cables  may 
often  save  detours,  and  shorten  the  distance  of  transmission. 
There  is  also  the  probability,  previously  mentioned,  that  where 
steel  conductors  are  employed,  lightning  and  switching  surges 
will  be  damped  out  more  than  where  copper  conductors  are  used. 

In  conclusion,  it  has  been  shown  that  large  steel  cables,  if 
properly  manufactured,  can  be  used  for  carrying  alternating 
currents.  It  appears  that  the  chief  opportunity  for  the  use  of 
steel  conductors  is  on  branch  lines,  where  the  size  of  copper 
required  merely  for  the  electrical  load  would  be  too  small  to 
use.  However,  in  all  cases,  steel  conductors  will  be  nearly  as 
cheap  as  copper  ones,  if  not  more  so,  and  the  use  of  steel  will 
always  increase  the  reliability  of  the  transmission  system. 

EXAMPLE    I 

Length  of  line 7  miles 

Voltage  at  receiver 11,000  volts 

Frequency 60  cycles 

Power  factor  of  load 85  per  cent 
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A.  Conductor 7- wire  steel  cable 

Size 25,000  cir.  mils 

Diameter  of  cable. . .    0.18  inches 

Diameter  of  wires 0.06  inches 

Resistance  per  mile  at  full  load 17.6  ohms 

Full  load 75  kv-a. 

Voltage  drop  at  full  load 9.6  per  cent 

Weight  of  conductors 7300  pounds 

Cost  of  steel  cables  at  3  cents  per  lb $220 

B.  Conductor Single  steel  wire 

Size 25.,000  cir.  mils 

Diameter 0.158  inches 

Resistance  per  mile  at  full  load 23  ohms 

Full  load 75  kv-a. 

Voltage  drop  at  full  load 12.5  per  cent 

Weight  of  conductors 7300  pounds 

Cost  of  steel  wires  at  3  cents  per  lb $220 
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Diameter  of  cable 1.28  inches 

Diameter  of  wires 0.143  inches 

Full  load 5,000  kv-a. 

Resistance  per  mile  at  full  load 0.54  ohms 

Voltage  drop  at  full  load 10.9  per  cent 

Weight  of  conductors 3,140,000  pounds 

Corona  limit  for  operating  voltages,  at  1000 

ft.  above  sea  level 230,000  volts 

Sustained  short  circuit  kv-a.  at  full  gener- 
ator voltage,  transformers  with  5  per 
cent   reactance   being   included   at   each 

end 3.8  times  full  kv-a. 

C.     Number  of  circuits 1 

Conductor 7- wire  copper  cable 

Size No   1,  83,700  cir.  mils 

Diameter  of  cable 0.328  inches 

Resistance  per  mile 0.678  ohms 

Full  load 5,000  kv-a. 

Voltage  drop  at  full  load 10.7  per  cent 

Weight  of  conductors 300,000  pounds 

Corona  limit  for  operating  voltages,  at  1000 

ft.  above  sea  level 85,000  volts 

Sustained  short  circuit  kv-a.  at  full  gener- 
ator voltage,  transformers  with  5  per 
cent   reactance   being   included   at   each 

end 4.8  times  full  kv-a. 

EXAMPLE    III 

Length  of  line 100   miles 

Voltage  at  receiver 60,000  volts 

Frequency 25  cycles 

Phases 3 

Power  factor  of  load 85  per  cent 

A.     Conductor 49- wire  steel  cable 

Size 700.000  cir.  mils 

Diameter  of  cable 1.08  inches 

Diameter  of  wires 0.12  inches 

Resistance  per  mile  at  full  load 0.68  ohms 

Full  load 4,  000  kv-a. 

Voltage  drop  at  full  load 10.2  per  cent 

Weight  of  conductors 2,930,000  pounds 

Corona  limit  for  operating  voltage  at  1000 

ft.  above  sea  level 215,000  volts 

Sustained  short  circuit  kv-a.  at  full  gener- 
ator voltage,  transformers  with  5  per 
cent   reactance   being   included    at    each 
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Resistance  per  mile 0.855  ohms 

Full  load 4000  kv-a. 

Voltage  drop  at  full  load 10.2  per  cent 

Weight  of  conductors 316,000  pounds 

Corona  limit  for  operating  voltage  at  1000 

ft .  above  sea  level 76,000  volts 

Sustained  short  circuit  kv-a.  at  full  gener- 
ator voltage,  transformers  with  5  per 
cent  reactance  being  included  at  each 
end 5.6  times  full  k-va. 
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Discussion  on  **Steel  Conductors  for  Transmission  Lines" 
(Dwight)  Chicago,  September  20,  1916. 

Robt.  E.  Doane:  Mr.  Dwight  has  presented  to  us  a  compara- 
tively new  subject  which  has  been  Httle  discussed  by  the  en- 
gineering world  in  the  past  and  which  is  of  interest  because  of  the 
possibility  developed  in  certain  directions.  We  would  point  out, 
however,  as  Mr.  Dwight  himself  states,  that  the  application  is 
limited  to  certain  special  cases. 

There  are  four  general  classes  of  service  in  which  steel  wire 
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required  electrical  conditions  of  reactance  drop  and  carrying 
capacity,  In  such  cases  the  use  of  steel  will  be  found  to  be 
economical,  but  here  again  the  steel  field  is  limited. 

The  third  class  of  service,  that  of  ven'  high-voltage  lines, 
where  the  question  of  corona  loss  becomes  important  is  a  field 
which  has  not  yet  been  extensively  covered  in  engineering 
discussion  due  to  the  fact  that  there  are  few  such  Hnes.  There 
are  probably  not  more  than  half-a-dozen  such  lines  in  the 
United  States.  Here  again  the  field  of  application  must  neces- 
sarily be  limited. 

The  fourth  class  of  usefulness,  that  of  long  span  work  has  been 
more  extensively  discussed.  There  are  some  notable  examples 
of  long  steel  spans,  and  some  combination  steel  and  copper 
cables  such  as  the  long  span  in  use  by  the  Mississippi  River 
Power  Company  of  Keokuk,  Iowa,  a  discussion  of  which  was 
printed  in  the  Proceedings  of  the  A,  1.  E.  E.  for  October,  1914. 
It  is  well  to  point  out  that  there  are  very  few  long  spans  which 
can  not  be  made  with  a  reasonable  factor  of  safety  using  copper 
wire,  provided  that  there  is  a  possibiHty  of  allowing  sufficient 
sag  in  order  to  somewhat  reduce  the  tensile  strain  on  the  wire. 
The  very  slight  increase  in  the  percentage  sag  and  consequent 
increase  of  the  height  of  towers,  which  may  be  necessary  in  some 
cases,  would  make  it  mandatory  for  the  engineer  to  decide  on 
copper  rather  than  steel.  Of  course  in  cases  where  additional 
expense  in  height  of  towers  is  made  necessary  the  increase  in  the 
cnsl  nf  steel  towers  may  more  than  offset  the  advantage  to  be 
obtained  from  the  use  of  copper  in  the  span. 

In  making  genera!  calculations  covering  any  particular  in- 
stallation, it  would  be  logical  to  first  assume  that  copper  would 
be  the  natural  metal  to  use  and  steel  the  unnatural,  due  to  the 
fact  that  the  vast  majority  of  all  transmission  lines,  trolley  lines 
and  long  sjians  have  in  the  past  been  constructed  with  copper 
anil  generally  for  good  reasons.  The  percentage  use  of  steel  as 
comi;arc<l  with  the  copjier  is  very  slight  indeed, 

S(K..\i>  Valie;  and  Corrosion 
TluTe  arc  two  general  conditions  which  make  the  use  of  copper 
gcncnilly  niiindatnry,  ihe  |irincipal  one  of  which  is  the  ultimate 
scra]i  value  nf  ihe  material  used.  By  throwing  out  the  con- 
sideration of  Huciualions  in  the  cost  of  metals,  which  is  proper 
in  a  theoretical  fliscussion.  it  may  be  assumed  that  the  scrap 
value  of  cuiijier  is  in  the  neighborhood  of  S.>-!)0  per  cent  of  the, 
original  imrchase  price.  The  ,^crap  value  of  sicel  would  probably 
be  SI)  low  as  to  hardly  warrant  consiileraiion,  i>arlicularly  if  the 
line  in  (jucsiion  were  a  long  distance  high-voltage  line  extending 
across  wooded  or  mountainous  districts  wiicre  the  cost  of  salvage 
would  be  exceedingly  high.  The  whole  c|uesiion  a.s  to  the  use  o£ 
copiJcr  is  an  economic  question,  except  for  certain  very  special 
and  rare  cases.  Lines  are  constantly  being  changed  and  altered 
and  the  scrap  value  is  of  great  importance.     It  is  of  extreme 
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importance  in  the  case  of  trolley  wire,  which  is  frequently  re- 
placed and  even  if  the  copper  trolley  wire  should  be  reduced  50 
per  cent  in  cross  section,  the  scrap  value  may  still  be  40  per  cent 
or  more  of  the  original  cost. 

The  question  of  corrosion  and  life  of  the  material  is  intimately 
connected  with  the  scrap  value.  This  is  largely  a  question  of 
climate,  although  the  relative  corrosion  of  copper  and  steel  is 
probably  about  the  same  in  most  climates.  It  is  unquestionably 
true  that  steel  corrodes  more  rapidly  than  copper  and  its  life  is 
correspondingly  shortened.  In  long  distance  transmission  lines, 
one  of  the  primary  considerations  is  continuity  of  service,  and  if 
steel  wire  were  used,  subject  to  fairly  rapid  corrosion,  it  would 
necessarily  be  thrown  out  of  consideration  due  to  possibility  of 
breaks  occurring  at  unexpected  times,  perhaps  many  miles  away 
from  the  nearest  town,  all  of  which  would  be  exceedingly  ex- 
pensive and  require  a  shutdown  of  many  hours  or  even  days 
before  the  trouble  could  be  repaired.  If  copper  lines  are  properly 
strung  and  not  overstrained,  this  danger  would  be  appreciably 
less. 

Bear  in  mind  that  there  are  certain  sections  in  the  country 
where  even  the  life  of  copper  wire  is  comparatively  limited  and 
at  best,  lines  have  to  be  restrung  quite  frequently.  In  certain 
locations  on  the  Pacific  Coast  the  life  of  copper  transmission 
line  is  but  a  very  few  years  and  in  central  Pennsylvania  in  certain 
localities,  in  the  coke  regions,  copper  is  also  attacked  very  rapidly 
by  corrosion.  Steel  would  probably  go  much  faster  than  copper 
in  such  localities,  and  since  the  scrap  value  of  copper  is  so  enor- 
mously greater  than  the  scrap  value  of  steel,  copper  would  almost 
of  necessity  be  used  under  such  conditions. 

Mr.  Dwight  has  mentioned  the  use  of  copper-clad  steel  wire 
which  is  being  adopted  in  increasingly  larger  fields  very  rapidly. 
It  combines  the  higher  tensile  strength  of  the  steel,  and  offers 
30  per  cent  or  40  per  cent  conductivity  of  copper  as  against 
approximately  14  per  cent  conductivity  which  the  steel  possesses. 
Its  use  has  been  very  extensive  indeed  in  the  small  size  conduc- 
tors and  it  has  given  a  very  satisfactory  account  of  itself. 

In  discussing  the  commercial  aspect  of  the  case  we  note  that 
Mr.  Dwight  has  stated  that  the  price  of  copper  per  lb.  may  be 
assumed  as  being  ten  times  that  of  galvanized  steel  cable.  If 
the  present  relative  cost  of  copper  and  steel  is  a  criterion,  this 
ratio  is  hardly  a  fair  comparison,  for  copper  is  in  the  neighbor- 
hood of  30c  per  lb.  and  we  believe  that  base  size  E.  B.  B.  galvan- 
ized steel  wire  is  over  6.0c.  per  lb.,  so  that  roughly,  copper  would 
cost  about  five  times  that  of  steel  rather  than  ten  times.  Un- 
doubtedly some  of  the  steel  men  present  can  comment  on  these 
figures. 

Mr.  Dwight  has  very  naturally  and  properly  chosen  examples 
in  which  cases  the  use  of  steel  would  be  more  advisable  and  has 
very  clearly  shown  in  certain  cases  that  it  is  worthy  of  careful 
consideration.    It  would,  however,  be  unwise  to  consider  that  its 


1254  STEEL  CONDUCTORS  [Sept.  M 

use  is  of  general  application  and  in  working  out  specific  problems 
we  must  in  all  cases  put  both  metals  on  an  equal  footing,  standing 
strictly  on  their  relative  merits,  commercial  costs,  and  conse- 
quent applicability.  In  other  words  the  question  is  purely  an 
economic  one,  and  in  the  vast  majority  of  cases,  copper  will 
undoubtedly  be  found  the  least  expensive,  all  things  considered. 
Mr.  Dwight  has  made  an  excellent  presentation  of  this  sub- 
ject and  it  is  worthy  of  very  careful  thought. 

T.  H.  Worcester:  Mr.  Dwight's  paper  gives  valuable  addi- 
tional data  on  the  subject  of  iron  and  steel  electrical  conductors 
and  will  be  of  considerable  assistance  to  engineers  in  designing 
circuits  in  which  such  conductors  may  be  used.  The  data  which 
have  previously  been  available  arc  so  scattered  and  meagre  that  it 
has  been  difficult  to  find  information  on  a  chosen  size  and 
quality  iron  wire  or  even  to  interpolate  between  knomi  values 
on  given  sizes  and  qualities.  With  the  help  of  Mr.  Dwight's 
dala  this  will  be  much  simplified,  since  he  has  given  infonnation 
covering  a  witle  range  in  sizes  of  wires,  in  current  densities  and 
in  methods  of  spiraling.  It  is  unforluiiate  that  a  greater  range 
in  quality  of  material  is  not  covered  and  moreover  that  the 
principal  quality  considered  is  not  a  duplicate  of  American 
product  so  that  liirecl  comparisons  might  be  made.  Tests  on 
effective  resistance  which  we  have  made  on  34-in.,  ?8-in.  and 
J-^-in.  seven  strand  ateel  of  the  Siemens- Martin  grade  corres- 
pond very  ckisflv  to  the  resiills  shown  in  Figures  3  and  6.  Our 
tc-sts  WLTL'  not  inaik'  with  as  high  current  values  as  those  shown 
by  Mr.  Dwight,  so  that  the  drooping  characteristics  of  the  upper 
end  of  the  curves  has  not  been  checked.  However,  this  droop  in 
the  curves  is  what  one  would  expect  after  the  iron  reaches  satura- 
tion and  the  general  character  of  the  curves  has  been  checked  on 
other  grades  and  sizes  of  wire. 

As  regards  the  internal  reactance  of  iron  cables,  the  value  of 
75  per  cent  of  the  a-c.  resistance  for  corresponding  cmrents 
seems  to  be  high  except  for  conductors  having  diameters  greater 
than  J/^-inch  or  those  made  of  iron  having  relatively  high  per- 
nieabiliiy.  The  tests  mentioned  above  on  steel  wire  show  the 
reaclani'e  to  be  about  30  per  cent  of  the  resistance  for  J^-in. 
anil  'Is-in,  cables  an<l  50  jier  cent  for  Jg-in.  cable.  However, 
this  is  subject  to  such  variation  with  penneabiHty  and  current 
density  that  ii  is  very  desirable  to  test  samples  of  the  conductor 
wliich  it  is  jiroijosed  to  use  if  accurate  values  are  desired. 

One  uf  tlie  interesting  points  about  iron  wire  conductors  is  that 
the  inirer  am!  more  costly  grades  of  wire  have  higher  effective 
rcsi.staiKe  and  reactance  un  a-c.  than  the  cheaper  grades  of  steel 
wire,  even  tlK)ugh  tlie  latter  have  higher  resistance  on  direct- 
current.  In  ciMisidering  this  point,  however,  it  must  not  be 
forgotten  that  the  high  grade  iron  wire  will  not  deteriorate  as 
ra]>idly  as  steel  wire  after  the  galvanizing  is  once  scaled  off  and 
that  in  ^oiiie  ca.ses  it  may  be  mure  economical. 

The  advantage  of  using  many  small  wires  stranded   together 
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with  reverse  spiral  in  alternate  ropes  is  worthy  of  careful  consid- 
eration. From  a  theoretical  electrical  standpoint  such  cable  is 
to  be  preferred.  In  practise,  however,  finely  stranded  cable 
may  prove  troublesome  from  breakage  of  the  wires  either  by 
rusting  through  or  by  short-circuit  arcs.  Furthermore,  finely 
stranded  cable  when  each  wire  is  galvanized  as  it  should  be,  is 
considerably  more  costly  than  coarsely  stranded  wire.  For  the 
larger  sized  cables — 3^-in.  and  above — the  7x7  strand  is  per- 
missible, but  for  the  smaller  sizes  its  use  is  questionable. 

In  view  of  the  fact  that  there  will  be  a  continual  demand  for 
steel  conductors  in  the  future  it  is  very  desirable  that  more 
complete  data  be  obtained  on  American  grades  at  as  early  a  date 
as  possible. 

David  B.  Rushmore:  A  subject  of  this  kind  is  always  of  in- 
terest, because  of  changing  conditions,  and  with  the  present 
prices  of  copy)er  and  aluminum,  and  because  of  the  price  today 
for  steel  and  iron,  which  will  prol)ably  be  reduced  before  the 
others  are,  there  will  undoubtedly  be,  from  a  jmrely  economic 
standpoint,  a  certain  field  for  the  use  of  steel  conductors.  That 
these  have  been  used,  and  are  being  used,  to  some  extent,  has 
been  mentioned  in  the  paper — in  small  installations,  often  where 
the  western  lines  run  out  a  very  small  line  at  high  voltage  to  a 
prospect — a  mine  may  be  developed  later,  but  they  are  not  quite 
sure,  and  the  man  himself  just  wants  a  little  power  for  drilling 
and  hoisting.  Nol:)ody  knows  what  the  future  condition  is  going 
to  be,  so  that  the  minimum  of  installation  expense  is  usually  the 
first  consideration,  and  the  efficiency  is  not  of  the  first  import- 
ance. 

There  are  some  very  interesting  ])oints  in  regard  to  the  deterio- 
ration of  iron  and  steel  under  weather  conditions.  Those  of  you 
who  have  visited  the  Panama  Canal  will  remember  there  is  a  lot 
of  old  French  machinery,  made  in  Belgium,  which  is  still  arotmd 
there  in  heaps,  or  was  a  few  years  ago  when  I  was  there,  and  not 
rusted  at  all,  with  no  sign  of  deterioration  on  it.  Having  occasion 
to  look  this  matter  u]),  to  see  what  it  was,  I  fotmd  that  it  is 
puddled  iron,  wrought-iron,  and  the  apparent  reason  is  that  the 
little  grains  or  globules  of  iron  are  covered  by  silicate  flux  which 
prevents  the  oxidation  of  them.  As  is  known,  a  wrought-iron 
roof  will  stand  i^ractically  indefinitely  without  rusting.  Whether 
that  is  a  metal  which  could  be  used  as  a  conductor  or  not,  I  am 
not  sure. 

There  is  an  interesting  ])hasc  al^out  the  use  of  iron  and  steel 
conductors,  in  the  rather  able  |)resentation  of  the  ]^aper  and  the 
discussion  which  has  been  had  and  has  covered  most  of  the 
points,  that  has  not  been  mentioned,  and  that  is  its  protective 
action  against  high-frequency  disturbance.  A  patent  has  been 
taken  out  by  an  Italian  engineer  for  covering  co])])er-clad  con- 
ductors with  a  nickel  covering  of  high  resistance  so  that  the 
action  of  the  high-frequency  current  in  what  is  known  as  skin 
effect,  forcing  the  conductor  to  the  outside  of  the  duct,  forcing 
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it  into  a  cylinder  of  ven.'  high  resistance,  which  absorbs  the 
energv'  of  surge  and  prevents  it  from  passing  along  the  line. 
Some  such  effect  as  that  wouW  be  brought  about  in  high-fre- 
quency disturbances  which  would  have  to  stay  in  or  on  the  steel, 
and  which  would  be  absorbed  more  readib^  than  in  a  conductor  of 
lower  specific  resistance. 

It  is  apparent  that  later  on  this  sub-division  of  conductors  in 
cables,  is  highly  desirable,  and  the  great  pressure  now  being  put 
forth  for  the  use  of  higher  voltages^ihere  are  quite  a  number  of 
acti^'e  propositions  ai  present  for  2(HI.O00  \'o1is— is  forcing  the 
conductor  up  to  the  limit  of  corona,  so  thai  the  size  of  the  con- 
ductor is  determined  much  more  by  corona  than  by  the  current 
capacity,  and  the  size  of  the  conductor  will,  for  small  lines,  be 
quite  independent  of  the  load  transmitted.  So,  in  many  special 
cases,  the  steel  conductors  can  be  considered  at  the  present  time, 
and  as  has  been  said,  it  is  a  subject  which  is  worthy  of  careful 
scientific  investigation  and  of  much  more  careful  commercial 
study. 

S.  C.  Coey:  I  had  one  question  I  would  hke  to  ask  Mr. 
Dwighl  on  the  curve  Fig.  1 ,  I  wonder  if  he  has  any  explanation 
lo  offer  as  to  why  the  cur\T  for  the  smaller  sized  wire  should  have 
a  higher  [jeak  than  for  the  larger  sizes.  It  apparently  is  while  the 
iron  or  steel  is  becoming  saturated  and  it  would  seem  lo  me  you 
would  have  about  the  same  for  different  sizes. 

W.  T,  Snyder:  ll  occurred  to  me  in  connection  with  the  use 
iif  steel  wire  there  would  neL■es^sar^(y  be  connections  and  some 
of  the  taps  made  with  copyjer  wire,  small  copper  feeders  branch- 
ing off.  1  wonder  what  the  electrolytic  effect  would  be  there, 
whai  chemical  action  would  take  place,  if  that  would  result  in 
any  undue  harm.  I  understand  that  in  the  case  of  the  use  of 
copper-clad  steel,  if  the  copper  envelope  is  scratched,  and  the 
steel  is  exposed,  thai  chemical  action  is  set  up  between  the  two 
elements  and  it  rajiidly  destroys  the  wire.  I  wonder  if  the  same 
effect  would  take  place  at  ihc  tajj^iing  of  a  copper  wire  onto  a 
siccl  wire.  Also,  in  the  case  of  lapping  of  a  steel  wire  onto  an- 
other steel  wire,  what  is  the  method  of  splicing  to  prevent  holding 
water  and  bringing  about  rai)id  corrosion. 

David  B.  Rushmore:  It  might  he  jiossible  lliat  some  one  here 
would  he  able  to  suggest  a  snlulinn  to  a  point  which  has  not  up 
to  dale  been  forthcoming.  There  have  been  pin  into  use,  in  the 
past  few  years,  a  number  of  transmission  lines  of  cnjiper  stranded 
cable  with  hemji  centers.  This,  in  general,  has  been  vcfa'  dis- 
astrous. In  the  case  of  one  line,  which  was  put  in  in  South 
America,  a  cable  after  a  period  of  a  year  or  two  went  all  to  pieces. 
There  was  some  action  wiiich  look  place  between  the  hemp 
center  and  the  copper  adjaccm  to  il  which  corroded  the  copper 
badly  and  there  was  evidenllv  a  chemical  action  which  pene- 
lratc<i  ihe  coinier  for  about  [mc-quarler  (if  the  diameter. 

1  saw  sections  of  the  cable  which  were  sent  north,  and  in  all 
our  efforts  we  were  never  able  lo  get  a  satisfactory  explanation 
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as  to  what  the  cause  of  the  trouble  was.    The  use  of  such  copper 
cable,  with  hemp  centers,  has,  so  far  as  I  know,  been  almost 
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are  given  in  the  paper,  namely,  85,000  volts  for  No.  1  copper  and 
76,000  volts  for  No.  2  copper  at  a  usual  spacing.  Although  such 
small  conductors  are  sometimes  used  on  100, 000- volt  lines,  the 
practise  is  jDrobably  not  economical  or  advisable,  owing  to  the 
heavy  corona  losses  in  bad  weather.  Accordingly,  on  branch 
lines  of  100,000-volt  systems,  there  is  an  opportunity  for  the  use 
of  steel  cables  which  would  have  lower  conductivity  and  cost 
than  No.  1  copper,  but  would  have  larger  diameter  and  would  be 
free  from  corona  loss. 

Mr.  Worcester  in  his  discussion  emphasized  the  value  of 
curves  similar  to  those  in  the  paper,  but  applying  to  American 
steel  cables.  I  believe  that  in  view  of  the  small  cost  of  making 
the  tests,  it  is  ])ro])er  to  urge  that  test  curves  be  prepared  and 
published,  of  several  grades  of  American  commercial  steel  cables 
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ELECTRICAL  MACHINERY  TESTS  AND  SPECIFICATIONS 

BASED  ON  MODERN  STANDARDS 


BY  H.  M.  HOBART 


Abstr.\ct  of  Paper 

Comparisons  arc  made  of  the  standardization  rules  for  electri- 
cal machinery  now  in  force  in  various  countries.  It  is  shown  that 
the  differences  are  of  a  very  minor  character  and  that  machinery 
built  in  conformance  with  the  American  rules  will  usually  also 
conform  with  the  rules  employed  in  other  countries.  The  sugges- 
tion is  made  that  55  degrees  could  be  employed  as  the  ambient 
temperature  of  reference  for  tropical  ratings  and  it  is  maintained 
that  such  a  plan  fits  in  nicely  with  the  value  of  40  degrees  already 
adopted  as  the  ambient  temperature  of  reference  for  other  than 
tropical  ratings.  Attention  is  called  to  a  series  of  acceptance  tests 
on  some  large  waterwheel  generators  and  to  the  temperature 
results  obtained  by  making  cyclic  heat  runs  on  these  machines. 


IN  THE  course  of  his  work  the  author  frequently  has  been 
brought  face  to  face  with  the  fact  that  the  mere  drafting  and 
circulating  of  standardization  rules  constituting  a  radical 
departure  from  former  practise,  are  insufficient  to  bring  about 
general  use  of  the  contemplated  modifications.  It  is  necessary 
to  have  a  wide  and  thorough  discussion  in  order  that  there  shall 
be  a  clear  appreciation  of  the  reasons  for  and  the  consequences 
of  the  alterations.  Furthermore,  in  working  out  so  compre- 
hensive a  proposition  as  that  represented  by  the  Standardization 
Rules  of  the  American  Institute  of  Electrical  Engineers,  provision 
has  to  be  made  for  a  large  number  of  details,  whose  importance, 
if  not  especially  emphasized,  is  liable  to  be  overlooked  in  the 
practical  application  of  the  rules  to  concrete  cases.  There  are  a 
good  many  sections  in  the  rules,  which  at  first  glance  would  seem 
of  minor  importance,  but  which,  nevcrthelesj,  set  forth  require- 
ments which  cannot  be  disregarded  advisedly  on  the  occasions 
of  acceptance  tests  and  in  the  drafting  of  specifications. 

The  author  recently  has  had  occasion  to  carry  out  a  series  of 
very  interesting  acceptance  tests  upon  some  large  waterwheel- 
driven  generators.  Since  it  was  the  purpose  to  make  the  tests 
with  exceptional  care,  it  seemed  to  be  an  admirable  occasion  to 
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ing  to  rotating  machinery,  the  important  subject  of  stationary 
transformers  being  excluded  since  its  consideration  would  have 
too  greatly  increased  the  length  of  the  paper. 

Temperature  Standards 

So  far  as  relates  to  heating  and  temperature,  the  plan  under- 
lying all  modem  standardization  rules  for  electrical  machinery 
consists  in  establishing  approved  upper  limits  of  temperature. 
These  limits  are  such  as  to  permit  of  continuous  subjection  there- 
to. While  as  an  actual  fact  these  limiting  temperatures  could  be 
exceeded  safely  for  short  intervals,  this  is  not  permitted  by  the 
rules.  The  approved  upper  limits  have  been  determined  upon 
with  a  view  to  providing  adequate  factors  of  safety.  Having 
determined  upon  approved  values  for  the  upper  temperature 
limits,  the  next  step  consists  in  adopting  a  reference  value  for  the 
ambient  temperature.  The  difference  between  the  approved 
upper  limits  and  the  ambient  temperature  of  reference  con- 
stitutes the  limiting  temperature  rise.  The  rating  is  obviously 
a  function  of  the  thus-deduced  temperature  rise. 

Ambient  Temperature  of  Reference 
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cannot  be  said  to  provide  much  margin  when  employed  as  a 
standard  reference  value.  Since  40  deg.  is  now  firmly  established 
for  the  temperate  zone,  the  consistent  value  for  a  basis  for  tropical 
ratings  is  55  deg.  Practical  experience  has  demonstrated  the  im- 
portance of  employing  distinctly  lower  ratings  for  electrical 
machinery  destined  for  use  in  tropical  countries,  than  ratings 
which  have  proven  satisfactory  for  the  temperate  zone. 

The  ambient  temperature  of  reference  of  40  deg.  for  all 
countries  in  the  temperate  zone  was  adopted  only  after  very 
careful  investigations.  While  there  are  many  localities  where 
an  outdoor  shade  temperature  of  40  deg.  is  never  attained  at  any 
time  in  the  year,  nevertheless  there  are  in  the  temperate  zone  very 
few  localities  where  an  outdoor  shade  temperature  of  35  deg.  is 
not  sometimes  closely  approached.  It  was  decided  that  35  deg. 
did  not  alYord  sufficient  margin.  The  following  data  bear  out 
the  correctness  of  this  decision. 

From  the  report  of  the  chief  of  the  Weather  Bureau  have  been 
taken  the  following  maximum  temperatures  recorded  in  any 
station  in  the  designated  states  during  the  year  1908. 

Kansas,  Nebraska,  New  Mexico,  Oklahoma 

Montana,  Idaho,  Oregon,  vSouth  Dakota,  Utah,  Wyoming 

Washington 

Texas 

Nevada 

California 

Arizona 

In  America,  meteoroloi^ical  ()])servations  are  often  made  by 

amateur  \-()liinleers  and  il  is  jjossible  that  some  of  these  higher 
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ilsdf  constitutes  a  source  of  heat  and  increases  the  temperatiu^e  of 
the  surrounding  air.  Furthermore  electrical  machinery  is  often 
located  in  places  where  the  circulation  of  air  is  very  much 
restricted.  Consequently  the  ambient  temperatiu^es  near 
electrical  machinery  will  generally  considerably  exceed  the  shade 
temperatures  recorded  by  meteorological  stations.  Indeed  there 
is  no  proof  that  the  actual  ambient  temperattwes  in  the  neighbor- 
hood of  electrical  machinery  are  related  at  all  closely  to  the 
official  temperatures  issued  from  meteorological  stations.  It  is 
evident  from  the  tables  which  have  been  given  that,  strictly 
speaking,  even  40  deg.  is  too  low  for  the  reference  temperatiu^e, 


NUMBER  OP   MONTHS   DURING   1911   IN   WHICH   THE   MAXIMUM   SHADE 

TEMPERATURE  EQUALLED  OR  EXCEEDED: 


London 

Malta 

Lagos 

Cape  Town 

Durban  (Natal)...  . 

Calcutta 

Bombay 

Madras 

Colombo  (Ceylon) . 

Hongkong 

Sidney 

Melbourne 

Adelaide 

Perth 

Coolgardie 

Hobart  (Tasmania) 
Jamaica  (Kingston) 

Toronto 

Fredericton 

BlAmfontein 


32.6  deg. 

35  deg. 

37.6  deg. 

40  deg. 

3 

1 

0 

0 

1 

0 

0 

0 

4 

0 

0 

0 

3 

3 

1 

0 

3 

1 

0 

0 

9 

4 

2 

0 

9 

0 

0 

0 

8 

8 

6 

3 

4 

0 

0 

0 

3 

0 

0 

0 

3 

2 

2 

0 

4 

3 

3 

2 

6 

6 

6 

2 

4 

4 

3 

2 

6 

6 

6 

6 

2 

2 

1 

0 

9 

3 

0 

0 

1 

0 

0 

0 

1 

1 

0 

0 

5 

2 

0 

0 

on  the  basis  that  it  is  to  be  a  value  that  shall  never  be  even 
slightly  exceeded.  The  reference  value  adopted  must  rest  upon 
an  asstimption  and  it  is  important  that  the  assumption  shall  be 
conservative.  In  the  rules  of  the  Verband  Deutscher  Elektro- 
techniker  the  ambient  temperature  of  reference  is  35  deg.  The 
precise  statement  in  this  respect  as  set  forth  in  the  V.  D.  E.  rules 
is  as  follows: 

"It  is  assumed  that  the  temperature  of  the  surrounding  air 
will  not  exceed  35  deg." 

In  the  British,  American  and  Italian  rules,  it  is  asstimed  that 
the  temperature  of  the  surrounding  air  will  not  exceed  40  degs. 
It  is  probable  that  in  the  neighborhood  of  electrical  machinery, 
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1.  c,  at  a  distance  of  I  to  2  meters  from  the  machine,  as  set  forth 
in  Section  314  of  the  American  rules)]  the  temperature  of  the  air 
at  some  time  during  the  year  exceeds  35  deg.  in  the  majority  of 
cases  and  there  is  often  a  considerable  probability  that  the 
ambient  temperature  near  electrical  machinery  will  occasionally 
rise  a  few  def;rees  abo\-e  40  de^.  But  by  the  adoption  of  40  deg. 
as  the  ambient  temperature  of  reference  there  will  for  almost  all 
installations  of  electrical  machinery  in  the  temperate  zone 
probably  be  a  margin  of  a  few  degrees  during  99  per  cent  of  the 
year.  For  such  an  indefinite  state  of  affairs,  it  is  reasonable  to 
adopt  a  value  which  offers  some  probability  that  there  will  be 
such  a  margin.  It  is  not  possible  to  predict  the  maximum 
ambient  temperature  in  the  neighborhood  of  an  electrical 
machine  within  several  degrees  even  when  the  machine  is  not 
running,  and  the  value  to  which  the  ambient  temperature  is 
likely  to  attain  when  the  machine  is  in  operation  is  still  more 
indefinite.  The  records  of  the  official  shade  temperature  for  any 
given  locality  are  of  little  or  no  service.  Indeed  the  tempera- 
tures maintained  within  buildings  are  apt  to  be  fullv  as  high  in 
cold  climates  as  in  warm  climates.  In  view  of  the  indefiniteness 
inherent  to  the  subject,  and  of  the  importance  of  taking  a 
conservative  value,  it  would  appear  that  the  reference  value  of 
40  deg.  for  the  ambient  temperature  in  regions  in  temperate 
climates  is  certainly  not  too  high  and  reasonably  might  be 
criticized  as  too  low.  From  whatever  way  the  matter  is  ap- 
proached there  is  obviously  a  o- degree-greater  factor  of  safety, 
{in  other  words,  a  more  con.servatively  rated  machine),  when 
the  rating  is  based  on  an  ambient  temperature  of  reference  of 
40  deg.,  as  in  the  British.  Italian  and  American  rules,  than  by 
basing  it  on  ;!.i  deg. 

A  distinct  commercial  value  attaches  to  the  provision  of  means 
for  niaiiitiiining  iit  a  reasonably  low  temperature  the  premises  in 
which  electrical  machinery  is  ojieratcd.  If  a  temperature  of  30 
dug.  on  these  premises  is  never  exceeded  at  any  time  during  the 
\car,  ihin  llie  maximum  tem|)erature  ever  occasioned  in  the 
electrieal  rniichinery  when  o|)craling  at  its  rated  load  is  10  deg. 
below  llie  ;iii|in>ved  limits  and  the  margin  of  safety  is  very  much 


NT  'rKMi'lCHATIUIC    DlRlNO   AcCLPTANCE  TeSTS 

iiig  (he  ambient  temiieralure  on  the  occasion   of 
its  in   (iie  case  of  rotating  machines  cooled   by 
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forced  draft,  it  is  provided  in  Section  311  of  the  American  rules 
that  **a  conventional  weighted  mean  should  be  employed,  a 
weight  of  four  being  given  to  the  temperature  of  the  circulating 
air  supplied  through  ducts  and  a  weight  of  one  to  the  surround- 
ing room  air.'*  Thus,  for  example,  if,  on  the  occasion  of  an  ac- 
ceptance test,  the  circulating  air  is  taken  from  outside  the  build- 
ing and  has  a  temperature  of  14.0  deg.  at  the  intake  of  the 
machine,  while  the  temperature  of  the  air  in  the  room  is  24.0  deg., 
the  ambient  temperature,  from  which  the  temperature  rise  is 
determined,  should  be  taken  as: 

4  X  14.0  +  1  X  24.0      ,^^  - 
^ =  16.0  deg. 

If  the  temperature  of  the  machine  at  the  end  of  the  heat  run  is 
70  deg.,  then  we  have: 

Temperature  rise  in  accordance  with  the  American  rules 

=  70—16  =54  deg. 

Temperature  rise  above  room  temperature 

=  70  —  24  =46  deg. 

Temperature  rise  above  inlet  temperature 

=  70—14  =56  deg. 

While,  strictly  speaking,  the  weights  given  for  the  two  air 
temperatures  should  depend  upon  the  characteristics  of  the 
particular  machine  under  test,  the  correction  is  of  such  moderate 
amount  that  it  has  been  desirable  in  the  interests  of  simplicity 
and  definiteness  to  standardize  the  weighting  of  the  two  tem- 
peratures. 

It  is  further  to  be  noted  (from  Sections  314  and  315)  that  the 
room  temperature  is  to  be  taken  as  the  mean  of  "several  ther- 
mometers ])]accd  at  different  iK>ints  around  and  half  way  up  the 
machine,  at  a  distance  of  one  to  two  meters,"  and  that  the  value 
to  be  emj)]oyed  shall  be  the  mean  of  the  readings  of  these  ther- 
mometers taken  at  equal  intervals  of  time  during  the  lavSt  quarter 
of  the  duration  of  the  test. 

The  temj)erature  of  a  large  machine  will  not  at  all  promptly 
follow  the  changes  which  are  always  taking  place  in  the  tempera- 
ture of  the  i)remises  where  a  heat  run  is  being  made.  Conse- 
quently, if  no  appropriate  provision  be  made,  a  greater  tempera- 
ture rise  will  usually  be  recorded  if  the  heat  rvm  concludes 
shortly  after  midnight,  when  the  air  temperature  in  a  large 
factory  building  is  usually  falling,  than  if  the  heat  run  is  con- 
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eluded  in  the  middle  of  the  forenoon,  when  the  air  temperature 
of  such  a  building  is  usually  rising.  Errors  from  this  source  are 
decreased  by  complying  withlherequirement inSection3I6 that 
"the  thermometer  for  determining  the  ambient  temperature  shall 
be  immersed  in  a  suitable  liquid,  such  as  oil,  in  a  suitable  heavj' 
metal  cup."  With  a  falling  room  temperature,  a  mercury  ther- 
mometer exposed  to  the  room  air  might  read  at  least  a  couple  of 
degrees  lower  than  an  identical  thermometer  with  its  bulb 
immersed  in  oil  in  one  of  these  metal  cups. 

To  those  who  have  not  had  extensive  experience  in  testing 
large  generators,  these  various  precautions  may  seem  trivial. 
As  a  matter  of  fact  they  ensure  immunity  from  errors  which  may 
easily  amount  to  se\'eral  degrees  difference  in  the  result  obtained 
for  the  temperature  rise. 

The  British,  Italian  and  American  rules  are  now  in  agreement 
in  providing  that  for  rotating  machinery  no  correction  is  to  be 
made  in  the  temperature  rise  on  account  of  the  particular  value 
of  the  ambient  temperature  on  the  occasion  of  the  test.  The 
British  and  American  rules  simply  suggest,  (Section  320  of  the 
American  rules),  that  "tests  should  be  conducted  at  ambient 
temperatures  not  lower  than  15  deg,"  The  corresponding  Italian 
rule  is  as  follows: 

"For  ambient  teni(jcratures  lower  tliaii  ■10  dcg.  during  the  tests,  do 
correction  shall  be  applied  to  the  results  of  the  measurements  so  long  as 
the  temperature  does  not  fall  below  10  deg.;  however  it  is  not  convenient 
that  tests  should  be  carried  out  at  temperatures  below  10  deg." 

This  ]»lan  of  omitting  any  corrections  is  a  decided  improve- 
ment over  the  old  plan  of  applying  to  the  obser\-ed  temperature 
rise,  a  correction  which  was  a  function  of  the  ambient  tempera- 
ture at  the  time  nf  the  test.  Careful  tests  have  shown  that  the 
temiK'raiurc  ri.'^c  iif  the  average  machine  is  not  very  dependent 
ui)(Hi  IJK'  lemiH'raUirc  ril  the  time  of  the  test  and  that  the  relia- 
bility 111"  llic  rcsTilt  caiimil  be  increased  by  means  of  any  simple 
i-orrcclions.  ICIalwirate  tests  have  been  made  with  the  object 
of  clfarinj;  u\i  this  mailer  by  making  heat  nms  in  a  room  main- 
tained siK-fcssiveiy  a(  low  an<l  high  tcm(>eralures.  The  rise  with 
low  room  t em jK'ni lures  averaged  as  great  as  the  rise  with  high 
roinn  Icrnpcraturi's,  llii-  inverse  change  in  core  and  copper  loss 
with  chaiij:!-  in  ti'ni|icr,'iUire  combined  with  the  very  rapid 
iiirrcasc  in  ladi.iliiin  at  high  tcni|>iTaUires  tending  to  render  the 
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and  American  rules  is  that  relating  to  the  duration  of  heat  runs. 
It  is  to  the  effect  that : 

"The  temperature  test  shall  be  continued  until  sufficient  evidence  is 
available  to  show  that  the  maximum  temperature  and  temperature  rise 
would  not  exceed  the  requirements  of  the  rules,  if  the  test  were  prolonged 
until  a  steady  final  temperature  were  reached." 

For  conditions  where  the  temperature  of  a  part  cannot  be 
obtained  until  the  machine  is  shut  down,  (for  example,  the 
resistance  of  the  stator  windings  of  a- polyphase  generator),  the 
rules  make  the  following  provision  : 

"Whenever  a  sufficient  time  has  elapsed  between  the  instant  of  shut- 
down and  the  time  of  the  final  temperature  measurement,  to  permit  the 
temperature  to  fall,  suitable  corrections  shall  be  applied,  so  as  to  obtain 
as  nearly  as  practicable  the  temperature  at  the  instant  of  shut-down. 
This  can  sometimes  be  approximately  effected  by  plotting  a  curve,  with 
temperature  readings  as  ordinates  and  time  as  abscissas,  and  extrapolating 
back  to  the  instant  of  shut-down.  In  other  instances,  acceptable  correc- 
tion factors  can  be  applied." 

As  to  these  acceptable  correction  factors,  it  may  be  said  that 
from  the  many  test  results  available  on  the  records  of  manu- 
facturers, it  will  be  known  generally  that,  for  a  particular  type 
of  machine,  the  cooling  of  the  hottest-spot  will  be  approximately 
at  some  particular  rate  per  minute  for  the  average  of  the  first 
three  or  four  minutes  after  shut-down.  At  the  time  of  the  ac- 
ceptance tests,  both  parties  to  the  transaction  usually  will  readily 
arrive  at  a  satisfactory  agreement  that  for  any  particular 
machine  under  test  a  certain  number  of  degrees  shall  be  added 
to  the  temperature  determined  by  resistance  measurements 
made  within  a  given  number  of  minutes  of  shut-down.  It  rarely 
would  be  worth  while  to  encumber  the  specifications  and  guaran- 
tees with  a  clause  setting  forth  the  amount  of  this  correction, 
but  it  is  simple  enough  to  do  so  when  it  is  considered  that  it  is  of 
sufficient  consequence  to  have  the  amount  definite  y  stipulated. 

Embedded  Temperature  Detectors 
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temperature  detector  of  the  resistance  type,  has  a  length  of  about 
10  in.  (25.4  cm.),  and,  at  a  temperature  of  25  deg.,  its  resistance 
is  just  10  ohms.  In  Fig.  1  are  shown  sections  through  slots  for 
two  types  of  slot  windings  usually  respectively  designated  two- 
layer  and  single-layer  windings.  It  is  required  in  Sections  353  and 
354  of  the  American  rules  that  "a  liberal  number"  of  temperature 
detectors  shall  be  placed  in  the  locations  designated  in  Fig.  1  as 
A  and  B,  for  two-layer  windings,  and  B  and  C  for  one-layer 
windings. 

The  Hottest-Spot  Temperature 

The  rules  stipulate  that  for  machines  with  two-layer  windings, 
the  hottest-si)ot  temperature  shall  be  considered  to  be  5  deg. 
greater  than  the  highest  reading  obtained  by  any  of  the  em- 
bedded temperature  detectors;  and  that  in  single-layer  windings 
the  hottest-spot  temperature  shall  be  that  obtained  by  adding 
to  the  highest  reading  10  deg.,  plus  1  deg.  per  1000  volts  above 
5000  volts  of  terminal  p  essure. 

These  corrections  are  brought  together  in  the  following  table: 


Fur  two-layer  wimlinKs. 


F(;r    sm^ilf-laytr    \Mii(.lingr.    f. .r   .')00() 
ViAls  'jV  kss. 

Fur   singlc-layc-r    wimlinj^s    fur    tn.^f 
ihan   '»0U0  v<.lts. 


,\d(l  ')  (IcKri-cs  to  tlie  highest  reading. 


A(hl   10  (h-^rfis  t"  tlu'  highest  reading. 


A'lil  Iti  l!u'  hiKhfst  reading  10  deg.,  plus   1   deg 
for  esri  y  kil  .vcU    1)\'    whuli   the   voltage   between 
jtln.   lenr.in.iis  .4'  the  inaclnne  exceeds  o  kv. 


Tliiis  ti.r  a   three  ph.ist-  rnarlmie   uitl-   aii    11  .(i(i(l-\,  ,lt  sin^'e-layer  winding,  the  correction 
to   \>v  ;i<lil(  d   !■■  the  ir.a\i  :r.  mil  <  t  .m.- wi  i  r],-  ti  i:  j  ci  at  \i  re  in  istiniating  the  h<Utest-spot   teni- 
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each  case."  By  correction  factor  is  meant  the  number  of  degrees 
which  shall  be  added  to  the  observed  temperature  to  obtain  the 
hottest-spot  temperature.  For  the  resistance  method  the  correc- 
tion factor  is  10  deg. 

As  regards  the  so-called  correction  factors '  established  in 
the  American  rules,  it  would  appear  that  the  hottest-spot  tem- 
peratiire  determined  by  adding  to  the  observable  temperature 
the  stipulated  correction  factor  shall  constitute  the  criterion  and 
that  a  machine  could  not  be  rejected  on  the  ground  that  other 
evidence  demonstrated  that  a  still-greater  temperature  existed 
at  some  point  of  the  winding.  For  example,  for  purely  research 
purposes  it  would  be  practicable  to  locate  temperature  detectors 


]'[. 


actually  against  the  copper  of  a  high-pressure  winding.  In  some 
special  cases  such  lempcralure  detectors  might  disclose  tempera- 
tures exceeding  those  obtained  by  adding  the  conventional 
correction  factors  to  the  observable  temi>eratures.  Since  the 
conventional  correction  factors  have  been  established  with 
every  intention  that  they  shall  be  liberal  and  since  defmiteness  in 
contracts  is  essential,  the  hottest-sjwt  leni|jeratures  obtained  by 
complying  with  the  methmis  api>roved  in  the  American  rules 
should  be  taken  as  final,  irrespective  ()f  evidence  of  the  existence 
of  higher  temperatures.  It  is  believed  that  it  would  be  only  in 
exceedingly  rare  instances  that  higher  temperatures  could  be 


3. These  a 
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n  should  be  substituted. 
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found  and  that  they  would  exceed  the  conventional  hottest-spot 
temperatures  by  immaterial  amounts.  However,  in  so  far  as  the 
rules  on  this  point  may  be  obscure  in  the  least,  it  would  seem 
to  be  very  important  to  make  their  intention  unmistakably 
evident. 

The  use  of  embedded  temperature  detectors  has  been  demon- 
strated to  be  of  great  advantage.  When  only  required  for  the 
acceptance  tests  the  leads  from  the  detectors  may,  at  the  con- 
clusion of  the  tests,  be  cut  off,  and  the  detectors  abandoned. 
But  it  is  of  decided  advantage,  in  the  service  operation  of  large 
generators,  to  be  able,  at  any  time,  to  ascertain  the  internal 
temperatures  from  the  direct  readings  of  switchboard  instru- 
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"Although  the  rules  contain  no  explicit  statement  to  that  effect,  it  may 
clouhtless  be  understood  that  it  is  not  intended  that  a  test  by  the  pre- 
scribi'd  method  need  necessarily  be  made  upon  every  individual  machine 
comiiriscd  in  a  tranauctioii.  The  simplest  method,  as  above  explained,  is 
usually  Mcth&d  I,  and  in  the  interest  of  avoiding  needless  expense,  it 
should  often  be  practicable  to  arrange  for  a  judicious  employment  of 
Method  I  for  most  of  the  machines  of  a  given  siie.  employing  Method  11 
or  III,  as  the  case  may  be,  on  a  few  of  the  machines,  and  thereby  arriving 
at  a  factor  by  which  the  results  obtained  by  Method  I  require  to  be 
multiplied  in  order  to  arKvc  at  the  ri'sulls  which  would  have  bten  obtained 
on  those  particular  machines  had  Methods  II  and  III  been  employed. 
Ill  other  words,  it  should  not  be  concluded  that  the  less  simple  measure- 
ments will  necessarily  be  made  on  every  machine,  hut  rather  that  con- 
clusive evidence  shall  be  provided  to  insure  that  bad  Ike  measurfm<nti 
been  madt,  the  temperature  would  have  been  within  the  required  limits." 

l-'itrlher  Consideration  of  the  Uoltesl-Spot  Temperature.  The 
Aim'rit.';ui  hiIl's  lay  emphasis  on  the  hottest-spot  temperature. 
Limitiriji  ajjjjroveil  values  for  llie  hotlfsl-spot  teinperattires  are 
Kct  fiirth,  The  limilinj^  vahios  depend  chiefiy  upon  the  class  of 
insulating  niaterial  employed,  hisulatinj;  materials  are  divided 
into  three  classes,  A-,  B.  and  C.  These  classes  are  defined  as 
follows  in  the  American  and  British  rales: 


ru.s.';  of  in'iulat 


of  in'iulating  material 


Cotton,  silk,  paper  and  similar  materials 
when  so  treated  or  impregnated  as  to  incr 
the  tliermal  liniit,  or  materia!  permanently 
immersed  in  oil;  ulso  enamelled  wire* 

Mica,  asbestos  and  other  materials  capable 
of  resisting  high  temjicralures,  in  which  any 
CUirts  A  mtiteria!  or  binder  is  used  tor  struc- 
liiriil  purposes  oiiiy,  and  may  be  destroyed 
without  im|)uiringf  the  insulating  or  mechani- 
ijaI  (|uulilics  of  the  insulation. 

I'iteproof  and  refractory  materials,  such  as 


No  li 
The  pe 


miieraltire  ol  Class  C  insulation. 
1(1  temperature  rises  of  electrical 
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machinery  at  present  are  based  chiefly  upon  the  characteristics 
of  Class  A  and  Class  B  insulations.  The  Bntivsh  and  American 
rules  agree  in  adopting  105  deg.  and  125  deg.  for  the  limiting 
hottest-spot  temperatures  for  these  two  classes  of  insulations. 
The  author  believes  that  it  may  be  of  some  interest  for  him  to 
state  that  he  shares  with  many  other  engineers,  the  opinion, 
based  on  extensive  tests,  that  105  deg.  for  Class  A  insulations  and 
150  deg.  for  Class  B  insulations  are  both  thoroughly  conservative 
limits,  when  all  the  designing  and  manufacturing  processes  are 
carried  out  with  due  regard  for  numerous  important  details. 
But,  failing  the  availability  and  application  of  skill  and  experi- 
ence, even  much  lower  temperature  limits  for  Class  A  and  Class 
B  insulations  will  not  ensure  a  satisfactory  product.  It  is  dif- 
ficult to  see  how  any  Standardization  rules  can  afford  the  neces- 
sary assurance  in  this  respect.  The  successful  withstanding  of 
acceptance  tests  does  not  necessarily  constitute  evidence  that  the 
insulations  will  endure  the  stipulated  temperatures  (and  other 
deteriorating  influences  which  vary  from  instance  to  instance), 
for  a  satisfactory  term  of  years.  Fortunately  the  manufacturer's 
interest  in  the  success  and  reputation  of  his  product  usually 
affords  the  required  assurance.  Indeed  there  is  usually  a  strong 
tendency  on  the  part  of  the  manufacturer  to  refrain  from  taking 
advantage  of  temperature  limits  of  established  practicability 
until  years  of  study  by  tests  on  samples  and  on  experimental 
machines  have  established  beyond  all  reasonable  doubt  the 
ap[)ropriatencss  of  the  higher  limits.  It  is,  however,  important 
to  the  industry  to  take  advantage  of  liigher  limiting  tempera- 
tures as  .soon  as  a  reasonable  amount  of  experience  is  gained,  since 
this  permits  of  reduced  capital  costs  for  machinery  and  rarely 
affects  prejudicially  the  working  costs  except  where  the  action  is 
premature.  The  adoj)tion  of  new  limits  by  bodies  of  the  standing 
of  the  British  and  American  Standards  Committees  is  ample 
proof  that  the  evidence  in  the  case  has  been  carefully  sifted  and 
that  the  time  is  ripe  for  the  modification.  While  the  temperature 
limits  for  Class  A  and  Class  B  insulations  can  both  be  safely 
exceeded  for  short  periods,  it  is  in  the  interests  of  reserving  rea- 
sonable factors  of  safety  to  estaVjlish  them  (as  is  expressly  em- 
phasized in  the  British  and  American  rules)  as  limits  which  shall 
never  be  exceeded.  In  the  British  and  American  rules  the  limit 
at  present  standardized  for  Class  B  insulations  is  125  deg.  but 
there  is  a  well-developed  opinion  in  America  that  since  there  is 
now  a  great  deal  of  experience  on  which  to  base  the  action, 
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the  limit  for  Class  B  insulations  could  with  advantage  be  raised 
to  150  deg. 

Intensified  Aging  of  Insulations 
Reference  has  been  made  to  the  impossibility  of  framing  rules 
to  ensure  that  the  insulations  emyjloyed  have  satisfactor>-  longev- 
itv.  Naturally,  however,  the  aging  of  insulating  materials  is 
a  matter  of  great  importance  to  the  manufacturer.  The  author 
has  been  much  interested  in  some  elaborate  series  of  tests  of  this 
character.  The  point  of  most  importance  to  decide  is  that  of 
the  temperature  which  can  be  withstood  for  10  to  20  years  by 
an  insulating  material.  It  might  be  supposed  that  sub- 
jection to  super- temperatures  for  brief  periods  would  permit  of 
forming  an  opinion  regarding  the  life  corresponding  to  tower 
temperatures.  To  a  certain  extent  brief  tests  for  short  periods 
at  super-temperatures  are  useful  but  conclusions  drawn  there- 
from must,  at  the  present  state  of  affairs,  be  regarded  as  only  of 
the  nature  of  very  rough  evidence.  For  some  Class  A  insulations, 
values  of  the  order  shown  in  the  following  table  are  indicated: 


lu«>  which  Mn  be  ,v,lh,.,..,rt  .,,t. 

Wull,,  n 

l.irtly  rlrtlnislly  bulphvii 

»I1T 

t.y»p 

prov 

A  ClBfs  A  i(»ii1i,ti>.ns- 

For  u«iTid!> 

•i^n  dFttrns 

"  h"u«  " 

ItI!        ■ 

■  dBV. 

'  VvtVs 

"„   '^'""""' 

IS  ; 

A  \cTy  slight  modification  in  the  com]>osition  or  construction 
of  the  insulalion.  however,  might  completely  disqualify  it  for 
\vitlist;in(iing  any  considerable  super- temperatures,  even  for 
brief  iwrinds.  Tests  on  various  approved  Class  B  insulations 
lead  to  values  which,  while  quanlilativcly  higher  by  a  matter  of 
some  "ill  ik'g,,  arc  qualitatively  very  similar. 

Reasonable  factors  of  safety  must,  however,  be  reserved. 
This  is  realised  by  ihc  British.  American  and  Cerman  Standards 
C"onnnitlees  and  no  recognition  whatsoever  is  extended  to  the 
ability  of  insulations  to  successfully  withstand  super-tempera- 
tiircs  for  brief  periods.  Thus  in  the  American  rules  we  have 
Secti'in  ;M)o  A,  to  the  following  elfect: 

Sctliijii  UOi)  .-\.  Wliatovc-r  may  be  the  ambient  lein[)erature  when  the 
inachiiii'  is  in  aprvitc.  tht  limits  of  tht  maximum  observable  temperature 
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and  of  temperature  rise  specified  in  the  rules  should  not  be  exceeded  in 
service;  for,  if  the  maximum  temperature  be  exceeded,  the  insulation  may 
be  endangered,  and  if  the  rise  be  exceeded,  the  excess  load  may  lead  to 
injury,  by  exceeding  limits  other  than  those  of  temperature;  such  as  com- 
mutation, stalling  load  and  mechanical  strength.  For  similar  reasons, 
load  in  excess  of  the  rating  should  not  be  taken  from  a  machine. 

It  is  thus  clear  that  in  the  interest  of  securing  a  liberal  margin 
of  safety  we  must  forego  rigorously  the  temptation  to  expose  the 
insulation  of  machinery,  even  for  brief  periods,  to  temperatures 
in  excess  of  the  limits  approved  in  the  American  rules. 

This  practise  is  in  striking  contrast  to  that  underlying  the 
older  Standardization  rules  which  authorized  higher  tempera- 
tures for  short  periods.  Probably  the  credit  for  the  modern 
departure  belongs  to  the  German  Standards  Committee,  which, 
for  some  years,  has  employed  the  plan  of  permitting  overloads 
with  the  same  temperature  limits  as  for  the  rated  load.  The 
following  clauses  are  from  the  German  standardization  rules: 


Overloading.  With  the  limitation  that  the  overloads  only  are  carried  for  so  short  a 
time,  or  only  occur  under  such  temperature  conditions  of  the  machines  and  transformers 
that  the  highest  permissible  temperatures  arc  not  thereby  exceeded,  machines  and  trans- 
formers must  be  capable  of  carrying  the  following  overloads: 


Generators 

Motors 

Synch,  conv.  and  motor-generators 


:fr. 


rm«»r«i 


25  per  cent  during  one-half  hour 
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The  mechanical  sirenjfih  and  the  comrauiaiing  rwjxiiremeofs 
for  the  five-minute  rating  arc  far  in  i-xcess  of  those  for  the  con- 
tinuous rating  But  the  lemperaiure  attained  with  the  con- 
tinuous rating'  exceeds  that  attained  with  the  five-miinite  rating. 

This  plan  may  be  employed  iv^henever  it  is  necessary-  to  provide 
for  {jeaks  of  load,  as  in  the  case,  for  instance,  of  crane  raotoi^. 
Knowing  the  typical  duty  cjcie.  «e  may  prescribe  a  skort-Ume 
ratinj;  sufficient  (o  ensure  that  the  motor  shall  have  ample 
mechanical  strength  as  well  as  sufficient  margin  in  the  matter  of 
commutation,  and  thai  it  shall  not  stall  with  the  greatest  load 
which  i[  ever  wHli  be  called  upon  lo  carr>'.  Knonnng  also  the 
averai;e  load,  we  may  prescribe  a  continuous  rating  which  will 
ensure  that  approved  temperatures  shall  never  be  exceeded. 
Tho  ralint^s  should  suffitt,  .'i  continuous  rating  to  ensure 
the  non-exceeding  of  approved  tcni[«;rature5  and  a  short-time 
rfttinj;  to  ensure  the  required  cajiaciiy  for  the  intermittently 
ocfurrin;;  peaks  of  load,  us  regards  commutation,  stalling  load 
and  mechanical  strength. 

(Jn  tht  whole,  while  as  alreiidy  stated,  we  owe  the  conception 
of  modern  rminjiS  to  the  Cicmian  Standards  Committee,  the 
\::i\-  ill  wlii(.h  Uie  Ameri(';in  CommitlCf  has  fitte<l  the  conception 
to  till;  rc'|iiircincnts  of  practise,  would  appear  to  be  distinctly 

I.OW-'J'i',MJ'1:H.ATIKE  ClRriLATlNG  .AiR 

I'Vir  small  machines  built  in  lar^c  quantities  for  stock,  the 
uUiiTiiile  desiinalion  is  unknown.  In  normal  times  a  motor 
(Iriviri;;  a  |irintin^  press  in  IJomhay  or  Pekin  or  .Moscow  is  about 
L-iiiially  likely  to  have  been  built  in  Bfrlin  or  Manchester  or 
Mil;tTi  or  S(,liencrl;i(ly,  I'lven  if  the  ullimale  destination  may  be 
iLsivi-liiiiit-il  it  is  n'>t  practicable  to  ciunlvnance  departures  from 
I liu  strict  k'll.Tnf  tlR-  Slaml.inJixaiion  Rulus  in  the  case  of  small 
marliiniTy. 

Hilt  inv  lar^;u  iiiai'hiiR's  wurtli  ni.iny  Uioiisands  of  dollars 
apiii''-'  aii'l  '.pcraii'il  11111I1.T  skilled  supervision,  it  would  be  waste- 
ful In  iniv:_:(i  [inv  fiMii,,nii(;  :id\aiii:i^:e  coni|)atible  with  sound 
(■iiijtuonnv,  ]ii-aiii-;i>  .\s  a  inncreli.'  rase  lot  us  assume  that  a 
lar-e  ii|n.|:iliii-  fo:n|,an\  is  purchasin-,-  a  2(l.()0()-kv-a,  generator 
whirli  will  bu  vnnk-.]  \,y  c-irinilalin-  t)irnu^;li  i[.  every  minute 
.'iD.dlHl  cu.  ft.  (M2I)  cu.  111.)  of  air  taken  from  outside  the 
liiLililtn);.  In  the  sinnmer,  on  days  when  the  humidity  is  high, 
the  eircTilaliti^'  air"s  teni|ieraHn-e,  even  after  passing  through  the 
air  waslicr,  may  SDiiieliines  he  nearly  4(1  dej,'.     But  the  nature 
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ofthe  load  may  be  such  that  the  station's  peak  in  summer  is 
half  of  its  mid-winter  peak,  or  even  much  less.  It  may  be  prac- 
ticable to  rely  on  15-deg.  circulating  air  for  the  mid-winter  peak. 
For  the  limiting  temperature  for  Class  A  insulation,  (105  deg.), 
this  represents  90  deg.  "  hottest  spot '"  rise  as  against  65  deg. 
"  hottest  spot  "  rise  in  the  summer.  By  temperature  coils  in 
location  A  of  Fig.  1,  the  observable  rises  are: 

Summer— (105—5— 40)  =  CO  deg. 
Winter—  (105—5—15)  =  85  deg. 
Consequently,  if  the  machine  has  ample  margin  as  regards 
mechanical  strength  and  if  the  prime  mover  is  adequate,  advan- 
tage ought  to  be  taken  of  its  in- 
„....,( n„n.uDj™i  creased  capacity  in  winter  which 

l'r,L'''rH.';"n"(r'  wouljl  be  of  the  order  of  25  or  30 

/  per  cent . 

'v  Three  such  20,000-kv-a.    ma- 

} /\  chines,  operated  on  the  basis  of 

j....I_^iv  loading  them  up  lo  their  capacity 

rf — '    1  ■ '  ^-  ^p>^,pj''«u"("r  as  indicated  by  embedded  tem- 

I 1 pcrature  detectors,  would  do  the 

-I  -  r-  -! work  of  four  machines  operated 

' — ^ — I — ! iJi^"""        '"  strict  accordance  with  Section 

\ii'.i;,«t'T',n'i'^r-  305  A  of  the  American  rules,  and 

a~a '  2"  e  2  s  s  ^^'^  saving  in  the  capital  com- 

S  i  f        i  I   5  ponent  of  the  total  cost  of  man- 

P       „  ufacluring   electricity  would  be 

quite  appreciable. 
Such  a  case  wnuld  Ijc  met  by  some  such  clause  as  follows: 
■■C.ntraii.irs  will  1„-  rtqiiiml  In  j;(iiiriinU-c  ilu.t  \hv  machine  shall  be 
ii.  all  rpx|.i>iti~in  siriil  at  ,-..r.lai.<-.>  >vuh  llic  IflHi  r-hti-Ml  nf  tllc  .American 
riik-s  ui(h  thL-  fi.lli.wiiii;  cx.-i-i.tioii; 

Exception.  Thf  mailiino  shall  have  ample  mechanical  strength  and 
shall  be  in  all  other  ri"i|icct,';  aileqiiatc  to  carry  the  increased  load  which 
wilh  a  circulating-air  tcm|ierature  of  I.^  'ley.,  may  be  carried  without 
occasioning  holIcsl-s|icjt  lcni[)eratnri'5  in  excess  of  those  set  forth  in  the 
American  rules  as  a])i)r«vcd  for  the  class  of  insulation  employed.  For 
the  acifplance  tcsis.  the  embeiideil-temperatiire-detei.ior  metho<l  sup- 
plemented by  measurements  of  the  resistances  of  the  main  windings 
and  by  .surface  thermometer  measureiuenls,  shall  bo  employed  for  de- 
termining the  temperature  atlaineii, 

Marc.in  or  Safilty 
Adherence  (o  the  recornnienilations  in  the  British  and  Ameri- 
can Standardisation  Rules  entire  very  liberal  margins  of  safety. 
This  is  apparent  from  Fiu.  2  in  which  the  shaded  area?.  w&ca.Vt 
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respectively  for  machines  with  Class  A  insulation,  the  tempera- 
ture ranges  above  the  permitted  hottest-spot  temperature  of  105 
deg.  which  technically  are  available  but  which  are  not  allowed,  and 
the  temperatures  below  the  reference  ambient  temperature  which 
are  liable  to  exist  in  most  locations  during  certain  seasons  of 
the  year.  The  unshaded  area  represents  the  temperature  range, 
utilization  of  which  is  approved  in  the  American  rules.  There 
is  no  disposition  to  suggest  encroachment  upon  these  liberal 
margins  of  safety;  they  are  simply  in  accordance  with  the  best 
and  most  valued  traditions  of  the  engineering  profession. 
Equivalent  Tests 
We  now  arri\-e  at  a  matter  with  which  the  Standardization 
Rules  do  not  yet  deal,  at  any  rate  with  any  approach  to  thor- 
oughness.   The  deficiency  relates  to  indicating  the  nature  of  the 


DO 
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be  especially  well  adapted  to  a  machine  of  the  kind  tested. 
The  test  consisted  in  operating  the  machine  for  alternate  15- 
minute  periods  on  open  circuit  with  super-normal  pressure  and 
on  short  circuit  with  super-normal  current.  The  degree  of  the 
super-normality  was  so  selected  as  to  occasion  in  each  complete 
half-hour  cycle,  as  nearly  as  practicable,  the  conversion  into 
heat  of  the  same  amount  of  energy  in  each  part  of  the  machine 
as  would  be  occasioned  in  each  part  were  the  machine  to  deliver 
the  actual  load  which  it  was  the  object  of  the  test  to  investigate. 
The  normal  pressure  of  the  machine  was  6600  volts  between 
terminals.  (3800  volts  per  phase)  and  heat  tests  were  required 
at  each  of  the  three  different  loads  set  forth  as  follows: 


Designation 
of  heat  run 

Kilovolt 
amperes 

Power 

factor 

Current 
per  phase 

•     Terminal 
pressure 

I 

II 
III 

7.000 

8,750 

10.937 

1  00 
0.80 
0.80 

614  amperes 

766 

960 

6600  volts 

M                         U 
U                         U 

For  each  of  the  three  heat  runs  it  was  desired  to  provide 
heating  conditions  equivalent  to  the  loads  just  set  forth.  This 
was  accomplished  by  cyclic  tests  with  the  following  conditions : 


Designation  of  heat  run 


For  the  short-circuit  periods 

Rotor  excitation  (amperes) 

75-deg.  rotor  /'  R  loss  (kw.) 

Stator  current  (amperes) 

75-deg.  stator  /'  R  loss  (kw.) 

Stray  load  loss  (kw.) 

For  the  open-circuit  periods 

Rotor  excitation  (amperes) 

75-deg.  rotor  /»  R  loss  (kw.) 

Terminal  pressure  (volts) 

Core  loss  (kw.) 


119 
5  10 

854 
24  0 
18  0 


327 
38  5 
8420 
270 


II 


148 
7  9 
1070 
37.8 
25.5 


327 
38.5 
8420 
270 


III 


185 
12  4 
1344 
60  0 
42.3 


324 
38.0 
8350 
260 


Before  these  values  were  determined  upon,  curves  of  no-load 
excitation,  short-circuit  excitation,  core  loss  and  stray-load  loss 
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had  already  been  taken.    ThesearereproducedinFigs.  4, 5,  6  and 

7.    The  resistances  of  the  windings  had  also  been  measured  and 

reduced  to  the  7o-deg.  reference  values. t    The  resistances  were: 

Stator  winding  per  phase 0,01 10  ohm 

Rotor  winding 0.360    ohm 
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Losses 

Losses  during  the: 

Average 

losses 
during 

corres- 
ponding  to 
actual  load 

of  7000 

Open-cir- 

Short-cir- 

cyclic 

kv-a.  at 

•-^ 

cuit  half 

cuit  half 

test 

at  P.F.   = 

ID 

of  the  cycle 

of  the  cycle 

1. 00 

Oi 

H 
< 

X 

Stator  /«  /? 

0 

24  0 

12  0 

12   5      , 

Rotor  /*  /? 

38  5 
270  0 
0 

5   I 
0 
18  0 

21   8 

135.0 

9  0 

17  8     1 

Core  loss 

119  0 

3tray-load  loss 

115 

Internal  windage 

30  0 

30  0 

30  0 

30  0     ; 

i 

Total  loss  — 

207  S  kw. 

190  8  kw 

Losses  during  the: 

Average 

1 

LossfS 
corres- 
ponding   to 

losses 

actual  load| 

Open-cir- 

Short-cir- 

duriuK 

of  8750 

1-4 

cuit  half 

cuit  half 

cyclic 

kv-a.  at 

of  the  cycle 

of  the  cycle 

test 

P.F.    =      1 
0  80 

H 

1 

< 

Stator  r-  R 

0 

37   8 

18  9 

19  4 

X 

Rotor  r-  R 

38  5 

7  9 

23  2 

27  9 

Core  loss 

270  0 
0 
30  0 

0 
25  5 
30  0 

135  0 
12  8 
30  0 

119  5 

Stray-load  loss 

15  3 

Internal  windage 

30  0 

T(jtal  loss   = 

219  9  kw. 

212    1  kw. 

Losses 

Losses  during  the: 

Average 

corres-      i 
ponding    ti.. 

losses 

actual    l>)a«] 

Open-cir- 

Short cir- 

during 

of  109.37    j 

»-H 

cuit  half 

cuit  halt 

cyclic 

kv-a.  at 

»-H 

of  the  cycle 

iA  the  cyclt- 

lest 

P.F.   -     ' 

:.^ 

0  80        1 

a: 

< 

Stator  n  R  

0 

00  0 

30   0 

30    ') 

X 

Rot(.r  n  R 

;i.s  0 

2(iU   0 

12    4 
U 

2."»   2 
130   0 

.32   (i 

Core  1.  »ss 

120   0      t 

1 

Stray -load  loss 

0 
30   0 

■12   3 
30   0 

21    2 
M)  0 

2!    ') 

Internal  windage 

30   0 
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mometers.    The    results   and  the  "loss  jier  degree  air  rise,"  are 
given  as  follows: 


he.l  run 

™eh™'" 
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It  can  fairly  be  assumed  for  this  particular  design  that  the 
heat  correspondinR  to  90  per  cent  of  the  loss  in  the  machine  is 
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cwie  WS5 «  sioiwns  siwt  idmi  loss  in  wuMnns 

Fiii.  «— Ci  HVE  OK  Core  Loss  ok         Fio.  7— Cirve  of  Stray  Load- 
12-l'oL.K— S750-KV-A.—  WHID-VoLT     Loss     ok     12-Pole— 8750-kv-a,— 

-.ilMl-RKV.   PEW    M[\.    THHKH-PHASh       0800- V OLT— 500- KEV.     PER      MIN.— 

C.ESKMATOK  THKEt-I'KASE  GENEKATOR 

t-arrit'd  off  by  tlie  circulatinf;  air,  the  remaining  10  per  cent  being 
dissi])aled  from  the  surfaces  of  the  machine. 

Tlierefore  wt'  have,  as  carried  away  by  the  circulating  air: 
Hi .3  X  U,!l()  -   14.7  kiv,  per  decree  rise. 
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In  the  following  table  are  brought  together  for  the  three  heat 
runs  the  results  obtained  by  the  embedded  temperature  detectors 
in  the  locations  designated  by  A  and  B  in  Fig.  1,  and  also  the 
results  for  the  mean  of  A  and  B. 


Designation  of  heat  run 


Total  loss  in  machine 

Location-A. 
Location-B. 
Mean  of  A  &  B. 
Loss  per  degree  of  mean  rise 


Temperature  rises  by 
embedded  detectors 


Average  for  the  three  heat  runs  for  the 
loss  per  dcg.  of  mean  rise 


I 


208  kw. 
33 . 0  deg. 
26  3     " 
29  7     " 
7.00  kw. 


II 


220  kw. 
36.0  deg. 
28.8     " 
32  4      " 
6  80  kw. 


Ill 


236  kw. 
41 .5  deg. 
29  3     " 
35  4      •' 
6.70  kw. 


6. 83  kilowatts 


It  is  to  be  noted  that  by  mean  rise  by  embedded  detectors  is 
meant  the  mean  of  the  two  maxima,  the  one  being  the  maximum 
for  location  A  and  the  other  being  the  maximum  for  location  B . 

The  results  for  these  three  heat  runs  by  the  cyclic  method 
deviate  from  the  average  result  by  less  than  3  per  cent  in  the  case 
of  the  "loss  per  degree  mean  rise  by  embedded  detectors" 
and  by  only  6  per  cent  in  the  case  of  the  "loss  per  degree  air 
rise  in  machine."  These  values  speak  well  for  the  accuracy  of 
the  cyclic  test. 

These  and  the  temperature  rises  obtained  at  other  parts  are 
brought  together  in  the  following  summary  in  which  the  results 
from  which  the  highest  "hottest  spot"  temperatures  are 
deduced,  are  in  heavy  type. 


Designation  of  heat  run 

I 

II 

III 

Kilo  volt    amperes 

Power  factor    

7000 

1.00 
6600 
614 

33  0 

33  0 
26  3 
29   7 

10  () 
28  0 

12.4 

78.0 

8750 

0  80 
f)600 
766 

36  0 

36  0 
28  8 
32   4 

19  0 
34  5 

13  0 

84  5 

10937 

0  80 
6600 
960 

41    5 

41.5 
29  3 
35  4 

20  5 

Terminal  pressure  (volts) 

Current   (amperes) 

.Maximum    observed    rise    by    tempera- 
ture  detectors 

Observed  by            In  location  "A" 

temperature              "           "       "B" 

detectors                .Mean  of  A  &  B 

Maximum  observed  rise  of  rotor  wind- 
winding    

Observed  rise  sta  tor  winding  by  resistance 

Air  rise  in  machine 

Deduced  hottest-spot  temperature  cor- 
responding to  ambient  temp,  of  refer- 
ence     

42.0 

15.5 

92.0 

1 
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It  is  interesting  to  note  that  in  healniiis  H  and  III  the  hottest- 
spot  temperature  corresponds  to  the  observations  of  the  rise  of 


(he  stalw  windint;  by  resistance  and  not  to  tlit;  results  obtained 
by  the  embedded  delectnrs.  This  is  f'.ir  the  reason  that  the 
Standardization  Rules  require  lOdeg.  to  be  added  to  the  observed 


f 

,,1,.  ■    ;«..--.■;»» 

■■  '   -  i      •■ 

IT- 

1 

_ 

Iff    ,is    lifU-riiiincd     liy    the    rL'sislaiice    method    and 
liej;.   l<i  be  added  lo    ihe    observed    temperature  as 
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detectors.  Such  results  may  occur  in  machines  so  designed  that 
no  part  of  the  stator  winding  is  much  hotter  or  cooler  than  the 
average  temperature  of  the  stator  windings. 

In  Figs.  8,  9  and  10  are  given  curves  showing  the  progress  of 
the  heating  during  the  cyclic  tests. 

It  should  be  understood  that  this  paper  has  been  chiefly  con- 
fined to  a  discussion  of  those  parts  of  the  temperature  sections 
of  the  rules  which  deal  with  rotating  machinery  and  that  even 
in  this  small  portion  of  the  rules  there  are  various  matters  of 
interest  and  importance  which  have  not  been  considered.     On 


HOURS  FROM  COMMENCEMENT  OF  TEST 

Fi(i.   10. — Tempf.ratlrk-Timk  Cirves  for  Cyclic  Meat  Rin 
Equivalent  to  10,937  kv-a.  at  Power  Fa(tor=().S 


the  subject  of  transformers  there  are  further  matters  of  import- 
ance in  the  temperature  sections.  The  sections  on  dielectric 
tests  and  those  on  efficiency  and  regulation  present  features  of 
at  least  equal  importance  as  regards  both  rotating  machinery 
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A  Comparison  op  the  Temperature  Limits  in  the  British 
AND  THE  American  Rules  por  Electrical  Machinery 
In  the  following  collection  of  Tables  the  three  methods  of 
determining  the  temperature  are  designated  I,  II  and  III,  follow- 
ing the  arrangement  in  the  American  rules.  Briefly  these 
methods  are  defined  in  the  American  rules  as  follows: 


Designating 

number  of 

Deicription  at  method 

method 

1 

Thermon-ete, 

This  melhcid  coniiits  in  the  determination  ot  the 

method 

tempemmre.  bf  jnercurj-  or  aleohol  Ihennometerm,  by 

Iheie  instruments  being  applied  to  the  hottr«t  atcemble 

(he  machine  a.  deuribed  undet  Method  No.  III. 

1, 

Re„„an« 

temperature  o(  windings  by  their  incteaie  in  reststBnu. 

In  the  application  of  thia  method,  thermometer  meu- 
uremcnts   ahall   also   be    made    whenever   practicable 

the  prohflbihty  of  reveahrg  the  highest  obMirmble 
temperature.       Whichever    measurement    yield*    the 

sE  the  "'highest  observable"  temperature. 

Embedded- 

This  method  consisla  in  the  uu  of  thermo-couple*  or 

poisible  at  the  estimated  hottest  spot.  When  Method 
No.  Ill  is  used,  it  shall,  when  required,  be  checked  by 

to  he  the  highest  value  by  either  method,  the  required 
mrrcclin.n  factcrs  being  applied  in  each  case. 

_ 



1,-   L[.\iiTS    OK     OiisMRVAHLic    Te.mpekature     kor    Class     A 
Materials  Whln*  Methods  I  and  II  are  Employed 
For  these  cases  the  limits  arc  set  forth  on  the  first  insert 
herewith. 

2.    -Limits    of    Ohsekvahlic     Ti:.mi>kratcri;     for     Class     B 
Materials  Whecn  Methods  I  and  II  are  Employed 


LIMITS  OP  OB 


f  M  ','  /.   '  '"  :'>!'    .' ;/. 


BROAD  DR. 

SCRIPTION 

OP  THE  PART 

OP  THE 

MACHINE 


Stationary 
and  rotating  d-c 
field  coils 


Rotating    ar 
matures     with 
commutators 


1 


A-c.  windings 
in  slots  (of  the 
ratings  for 
which  tnethod 
III  is  not  re- 
quired) 


S  h  o  r  t  -  c  i  r- 
cuitcd   windings 


A  i  r  -  c  (1  o  1  c  d 
transformers 


l.)il-inuiif  t  scd 
transformer 


Induction 
regulators 

Iron  cort^ 


NOTK.        liotll    t\ 

temperature  limit: 


t    i 


-  I 


LIMITS  OP  OB 


I   Mt'/.    !   '''.;Mr.  . 


r  -Hi.j.,  >:t 


BROAD  DB- 

SCRIPTION 

OF  THB  PART  1 

OF  THE 

MACHINE 


Stationary 
and  rotating  d-c 
field  coils 


Rotating  ar- 
matures with 
oommutators 


A-c.  windings 
in  slots  (of  the 
ratings  for 
which  method 
III  is  not  re- 
quired) 


Short-cir- 
cuited  windings 


Air-cooled 
transformers 


Oil-immersed 
transformer 


Induction 
regulators 

Iron  cores 


Note.     Both  tl 
temperature  hmitt 
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THE  POWER  COMPANY'S  PROBLEM  IN  THE  ELECTRIC 
SUPPLY  FOR  LARGE  SINGLE-PHASE  LOAD 


BY    WILLIAM    C.   L.  EGLIN 


Abstract  of  Paper 

The  position  taken  by  the  power  company  is  that  it  should 
be  able  to  supply  all  needs  of  energy  in  the  community  whether 
for  industrial,  street  railway  or  trunk  railroad  use.  The  power 
company  must  also  be  able  to  sujjply  energy  of  uniform  pressure 
whether  single-j^hase,  two-phase  or  three-phase,  at  whatever 
voltage  best  suits  the  consumer.  These  conditions  are  best 
met  by  polyphase  generating  units,  and  three-jihase  units  are 
almost  universally  adoj)ted  on  account  of  the  economy  in  trans- 
mission which  they  ])ermit. 

When  the  demand  for  single-phase  current  is  heavy  enough 
to  produce  an  unbalance,  some  means  of  balancing  must  be 
provided  in  order  to  prevent  reduction  in  the  output  of  the 
generator,  and  also  to  maintain  uniform  voltage  on  all  phases. 
Three  methods  of  balancing  are  discussed;  first,  by  equipping 
the  generator  field  with  damping  devices;  second,  by  the  use  of  a 
separate  machine  similar  to  the  three-phase  induction  motor; 
third,  by  means  of  a  synchronous  phase-balancer  consisting  of 
a  two-unit  machine,  one  of  which  transfers  energy  between 
phases  and  the  other  balances  the  voltage.  Correction  for 
power  factor  on  each  individual  large  consumer's  line  is  suggested. 


Fundamentally,  the  power  company  should  be  pre- 
^  pared  to  supply  electric  enerj^y  for  all  the  uses  required  in 
the  territory  which  it  serves.  The  <^reater  the  variety  of  utiliza- 
tion of  the  power  company's  service,  the  greater  is  the  diversity 
factor — the  non-coincident  demands  within  a  twenty-four  hour 
period  or  within  the  yearly  period  of  operation— which  increases 
and  improves  both  tlie  daily  and  the  yearly  load  factors,  and 
enables  the  generating  plant  to  o])erate  more  efficiently. 

In  order  that  it  may  furnish  service  in  the  simjdest  way,  it 
is  the  policy  and  aim  of  the  ])ower  com])any  to  select  such  voltages 
and  frequencies  for  the  generating  equi])ment  as  are  best  ada])ted 
to  meet  the  requirements  of  its  consumers' ap])aratus.  Practically 
without  exceplion  in  tliis  country  at  tliis  time,  the  main  gener- 
ating stations  of  lar^^e  power  com];anies  are  e4uip])ed  to  sui)ply 
polyphase  alternating  currents,  at  higli  voltages  and  at  fre- 
quencies of  either  2o  cycles  or  00  cycles. 

A  word  in  retrospect : 

The  power  comijanies'  ])rinci])al  business  in  their  earlier  period 
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was  iightinK.  The  use  of  lighting  is  restricted  usually  to  the 
hours  of  darkness,  so  that  the  i>eriod  of  maximum  load  was  a 
relatively  small  percentage  of  each  twenty-four  hours.  The 
diversity  factor  of  this  load,  due  to  the  combination  of  stores, 
residences  and  factories,  did  not  improA'e  the  load  factor  very 
materially,  on  account  of  the  occurrence  simultaneously  of  these 
loads  between  the  hours  of  four  and  six  p.m.,  forming  a  very 
abrupt  peak  in  the  load  diagrams,  especially  during  the  winter 
months.  The  value  of  a  motor  load  was  therefore  recognized, 
because  it  would  be  more  continuous  and  because  its  require- 
ments for  power  would  increase  A'cry  considerably  over  the  re- 
quirements for  lighting. 

The  next  logical  ste])  in  increasing  the  load  factor  was  the 
broad  position  taken  by  the  power  comjiany,  to  supply  all  of 
the  needs  for  energy  in  the  community;  first,  by  supplying  energy 
to  large  industries;  then,  to  the  street  railways;  and  finally, 
to  the  steam  railways  in  its  territory. 

Another  important  and  very  obvious  consideration,  from  the 
power  company's  standpoint,  is  to  operate  the  plant  at  its  maxi- 
mum efficiency.  This  means  loading  the  generating  units  with  the 
load  which  will  produce  the  maximum  .^/taw  ftowomy  in  a  steam 
generating  station  and  entail  the  minimum  investment  in  plant. 

The  generating  apparatus  must  be  capable  of  delivering  to 
the  consumers,  energy  of  uniform  pressure,  irrespective  of  the 
demands,  and  the  power  company  must  stand  ready  to  supply 
single-phase,  two-jihase  and  three-phase  current  at  any  voltage 
that  best  suits  the  individual  consumer.  These  conditions  are 
best  met  by  polyphase  generating  iinits;  and  on  account  of 
the  economy  in  transmission,  three-phase  units  are  being  uni- 
versally adopted. 

The  power  recjuireiiieius  of  individual  consumers  in  a  large 
U'rriU)r\ .  ;ire  of  a  varied  character,  demanding  a  close  regulation 
nf  pressun-  through  a  range  ul"  their  load^^  from  no-load  to  full 
loiid. 

With  tln'  balanced  ihrwiiliasi'  load  of  ;t  consumer  there  are 
no  serious  ditliculties  involved,  and  even  with  llic  two-phase 
load  \vliicli  can  lie  partially  l)alanced  by  means  of  T-connected 
iransfoniKTs,  the  dilhcuUies  arc  of  little  importance,  and  can 
l)c  taken  care  nf  either  by  individual  automatic  regulators  on 
the  feeilers  sujiplying  the  consumer,  or  liy  regulation  of  the  gen- 
erated voltage,  or  by  both. 

When  tlie  demand  for  single-phase  load  is  heavy,  and   espe- 
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out  in  any  way  affec-ting  its  satisfactory  operation.  The  opera- 
tion of  the  balancer  set  does  not,  in  any  way,  affect  the  economy 
of  the  f;cneralor.  It  does  permit  the  generator  to  be  operated 
at  its  most  efficient  load  and  to  carry  a  full  load,  irrespective 
of  the  unbalance,  up  to  the  capacity  of  the  balancer  set. 
,  The  losses  in  the  synchronous  phase-balancer  and  booster  are 
the  usual  losses  in  rotating  synchronous  apparatus,  consisting  of 
the  losses  in  the  windings  and  fields,  windage  and  friction  of 
its  bearings.  The  cfficien'.  y  of  a  machine  of  5000  kw.  is  approxi- 
mately 94  per  cent. 

As  ijreviously  noted,  two  single-phase  loads  may  be  partially 
balanced  by  T-connected  transformers,  and  naturally  three  or 
more  single-phase  loads  may  be  distributed  on  the  three  phases 
sj  as  to  produce  the  best  bahincing  effect;  so  that  with  the  in- 
creased demands  for  single-phase  load,  additional  balancer 
irapacitymay  not  be  required  in  a  large  generating  station. 

Because  of  the  fact  that  tVe  balancer  apparatus  is  a  synchron- 
ous machine,  Che  portion  of  the  unit  which  is  designed  to  transfer 
energy,  will  be  madcsonewhat  larger  and  could  he  used  as  asyn- 
chronous condenser  to  impro\'e  the  ])ower  factor  of  the  system. 

The  jirinripal  demand  from  hirgc  consumers  is  alternating  cur- 
rent, either  single-phase,  two-phase  or  three-phase,  at  some  pre- 
determined, practically  unifonn  voltage.  With  varying  demands 
from  no-load  to  full  load,  good  regulation  may  be  obtained 
by  the  various  aiitomatic  devices  to  regulate  the  generating 
voltage  on  individual  feeders.  Variation  in  voltage  upon  feeders, 
however,  may  become  excessive  with  inductive  loads.  These 
loads  may  also  produce  at  the  generating  station  a  low  power 
factor,  with  a  consequent  under-loadiuK  of  the  generators,  re- 
ducint;  their  ca]>acity  and  imssihly  necessitating  their  operation 
at  sonic  iioint  lower  than  their  maxiinum  steam  economy. 

There  arc  great  variations  in  the  power  factors  of  individual 
consumers,  <lcix'nding  upon  the  nature  of  tiicir  loads.  As  this 
also  prevents  the  cconoiiiical  loading  of  the  generating  imits. 
Slime  means  slmuld  be  provided  to  correct  for  t)ower  factor, 
and  I  believe  thai  each  individual  lar^'c  consumer  should  be  cor- 
rected for  practically  unity  power  factor,  and  to  do  this  the 
lirui>er  synchronous  conilenscr  cai>acity  should  be  introduced  at 
snmepninl  in  the  consumer's  line  where  the  most  economical  re- 
sults can  be  ohwiinod.     This,  however,  will  vary  very  largely  with 
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SUPPLY   OF   SINGLE-PHASE    LOADS    FROM    CENTRAL 

STATIONS 


BY    PHILIP   TORCHIO 


Abstract  of  Paper 

American  central  stations,  contrary  to  European  practise,  have 
extensively  adopted  single-phase  distribution  from  polyphase 
stations,  balancing  the  loads  among  Ihe  different  phases  by 
grouping  of  the  single-phase  feeders  or  the  distributing  sub- 
stations. Voltage  regulation  for  lighting  circuits  has  been  sup- 
plemented by  individual  regulators.  Generators  with  good 
single-phase  characteristics  were  sometimes  employed.  In  other 
cases  generators  were  installed  of  larger  kilovolt-ampere  rating 
than  the  kilowatt  capacity  of  the  steam  unit. 

Large  customers,  using  electric  welding  machines,  electric 
furnaces,  etc.,  assist  the  balancing  by  dividing  their  load  between 
the  two  or  three  phases. 

In  cases  of  railroad  companies'  generating  stations,  the  single- 
phase  power  is  furnished  from  three-phase  generators  of  special 
design.  In  cases  of  purchased  power  from  central  stations,  dif- 
ferent methods  of  supply  may  be  available. 

In  connection  with  the  supply  of  service  to  the  Western  por- 
tion of  the  New  Haven  Railroad  electrification  by  the  New  York 
lighting  companies,  four  methods  were  considered  contemplating 
the  supply  of  power — (1)  directly  from  the  25-cycle  system  bus- 
bars; (2)  from  a  separate  section  of  the  25-cycle  system  busbars; 
(3)  from  a  60-cycle  station  with  frequency  changers  at  the  de- 
livery point;  (4)  from  special  25-cycle  generators  installed  in 
the  latter  station.  On  account  of  the  requirement  of  parallel 
operation  with  the  railroad  power  plant,  the  first  method  would 
not  give  the  necessary  load  control.  The  second  method  was 
dismissed  on  account  of  the  requirements  of  balancers  and  also 
longer  transmission  lines  than  the  other  methods.  The  third 
plan  necessitated  a  large  investment  in  special  apparatus  and  gave 
poor  efficiency  of  conversion.  The  fourth  method  was  adopted  as 
it  gave  complete  control  of  the  load  and  voltage,  and  maximum 
efficiency  of  transmission.  The  larger  original  investment  in  new 
generator  capacity  was  partly  compensated  for  by  its  value  to 
the  companies  as  a  standard  equipment  for  suy)nlying  their  future 
demands  and  other  three-phase  existing  loads  in  the  immediate 
districts.    The  equipment  is  described. 


CONTRARY  to  European  practise,  the  distribution  of  single- 
phase  currents  from  polyphase  stations  is  very  common 
in  American  central  station  practise.  The  balancing  of  loads 
among  different  phases  has  been  accomplished  by  grouping  of 
single-phase  feeders  on  different  phases.     The  exacting  require- 
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ments  of  regulation  for  lighting  circuits  have  been  met  by 
supplementing  the  regulation  obtained  from  the  main  supply 
with  individual  regulators  on  each  single-phase  feeder  circuit. 
These  circuits  feed  different  districts. 

Where  the  distribution  is  done  from  different  substations, 
fed  from  a  generating  station,  the  transmitting  lines  between 
generating  station  and  substations  may  be  two-  or  three-phase. 
one  of  the  phases  carrying  the  heavy  lighting  load  in  addition 
to  its  share  of  the  power  load,  which  is  equally  divided  among 
the  phases.  In  such  cases  the  substations  are  divided  into 
two  or  three  groups,  each  group  having  the  heavily  loaded  phase 
connected  to  a  different  phase  o£  the  generating  station,  so  that 
the  loads  of  all  phases  are  approximately  equally  divided. 

The  operation  of  such  systems  has  never  given  any  inconven- 
ience. In  the  early  years  the  distributing  stations  and  the  indivi- 
dual customers'  loads  were  small,  so  that  there  were  not  pre- 
sented great  difficulties  in  balancing  the  load  among  different 
groups  of  feeders  connected  to  different  phases.  With  the 
growth  of  the  system  and  the  introduction  of  distributing  sub- 
stations, fed  from  a  generating  station,  the  unbalancing  of  phases 
became  a  problem,  because  it  was  not  possible  to  maintain 
always  balanced  loads  on  different  phases,  notwithstanding  the 
care  taken  in  the  grouping  of  different  substations.  In  such 
cases  generators  were  secured  with  suitable  field  windings  and 
additional  copper  in  the  armature  to  give  good  single-phase 
characteristics;  in  other  cases  the  generators  were  also  built  of 
greater  kilovolt-anipere  rating  than  the  kilowatt  capacity  of 
the  steam  unit. 

As  an  illustration  of  the  former  case,  we  may  cite  the  14,000-kw. 
three-phase,  10.000-k\v,,  single-phase.  GO-cycle  generator  installed 
in  llKlli  in  the  Waterside  station  of  the  New  York  Edison  Com- 
pany. A.-:  illustrations  of  the  second  case  are  the  three  19,000- 
kv-a,,  (iO-cyclc  generators  driven  by  15.0()0-kw.  turbo  units 
installed  in  lllllj  in  the  201st  Street  station  of  the  United  Electric 
Light  iS:  Power  Company  of  New  York.  In  this  case  the  fields 
of  the  i.;enurators  were  also  provided  with  damper  windings 
which  would  permit  them  to  carry  7500  kv-a.,  single-phase  load. 
With  this  precaution  taken,  the  station  output  is  not  handicapped 
by  low  power  factor  or  unbalanced  loads,  and  is  capable  of  taking 
on  a  comparatively  large  single-phase  customer  without  handi- 
capping the  generating  capacity. 

Usually   the  load   unbalancings  are  only  temporary  and  of 
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relatively  high  power  factor  and,  therefore,  they  do  not  pre- 
sent the  same  difficulties  as  when  large  single-phase  loads, 
often  of  fluctuating  character,  are  to  be  supplied.  In  such 
cases  the  customer  can  greatly  assist  the  central  station  by 
dividing  his  load  as  nearly  as  possible  between  the  two  or  three 
phases,  as  it  will  give  a  better  balanced  voltage  condition.  This 
is  especially  true  in  electric  welding,  electric  furnaces  and  pos- 
sibly in  single-phase  railroad  supply.  This  division  of  load  has 
been  accomplished  to  good  advantage  in  cases  of  large  industrial 
installations. 

When  large  amounts  of  single-phase  railway  load  supply 
are  to  be  furnished,  the  railroads  have,  from  the  beginning, 
established  the  practise  of  installing  three-phase  generators  to 
furnish  the  bulk  of  the  power  single-phase,  direct  from  the  gener- 
ators. The  generators  are  of  special  design.  In  cases  of  pur- 
chased power  from  central  stations,  it  may  be  possible  to  do  away 
with  the  special  design  generators  and  supply  the  single-phase 
loads  from  the  main  buses  of  the  power  company,  if  of  sufficient 
capacity,  or  with  the  aid  of  phase  balancers  or  possibly  by  section- 
alizing,  on  different  phases,  the  railway  load. 

A  very  careful  study  of  the  most  advantageous  method  of 
supplying  a  large  single-phase  railroad  load  was  made  in  connec- 
tion with  the  negotiations  of  the  New  York  lighting  companies 
for  supplying  the  New  York,  New  Haven  &  Hartford  Railroad 
Company  with  the  power  for  its  western  end.  The  conditions 
of  service  required  the  supply  of  a  minimum  guaranteed  maxi- 
mum (hourly)  load  of  single-phase  power  of  6500  kw.,  at  70  per 
cent  power  factor,  with  momentary  peaks  of  250  per  cent  of 
this  load.  The  supply  was  to  be  paralleled  with  the35,510-kv-a., 
single-phase  generating  station  of  the  New  York,  New  Haven 
&  Hartford  Railroad  Company  at  Cos  Cob.  Conditions  for 
parallel  operation  were  rendered  favorable  by  the  existence  of 
two  three-phase  11,000-volt  lines  over  which  a  maximum  syn- 
chronizing power  of  10,500  kw.  could  be  supplied  to  the 
lagging     station,     with     approximately     23,500-kw.     of    power 
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of  the  New  York,  New  Haven  &  Hartford  Railroad  Company 
at  22,000  volts,  single-phase,  with  the  neutral  grounded  to  the 
rails,  and  11,000  volts,  three-phase,  for  the  synchronizing  ties. 
The  voltage  was  to  be  maintained  at  this  supply  point  within 
the  limits  of  10,500  to  11,500  volts  under  all  conditions  of  load. 
The  generating  capacity  that  was  available  for  supplying  this 
load  at  the  time  of  these  negotiations  was  237,000  kw.,  25 
cycles,  and  22,500  kw.  60  cycles,  at  the  Waterside  stations  No. 
1  and  No.  2,  located  at  40th  Street  and  East  River,  and  45,000  kw. 
60  cycles  at  the  201st  Street  station,  located  at  the  Harlem  River. 

The  accompanying  map,  Fig.  1,  shows  the  relative  locations 
of  these  stations  to  the  proposed  point  of  supply  at  West  Farms. 
The  distance  over  available  duct  routes  from  Waterside  station 
is  9.5  miles,  and  from  the  201st  Station  4.5  miles. 

With  these  stations  available,  the  following  methods  of  supply 
were  considered: 

I.  Power  supplied  from  the  Waterside  25-cycle  bus  which 
has  a  generating  capacity  of  237,000  k.w.  operating  in  para- 
llel. Here  the  total  capacity  of  the  generators  would  be  capable 
of  absorbing  the  single-phase  power  without  undue  heating  of 
the  generators. 

II.  Power  supplied  from  a  section  of  the  Waterside  25-cycle 
bus.  In  this  case  the  generating  capacity  operating  on  this 
bus  section  would  be  comparatively  small  and  phase  balancers 
would  be  required  to  balance  the  load  between  the  phases  as 
the  generators  were  not  constructed  for  supplying  a  single- 
phase  load  greater  than  10  to  15  per  cent  of  the  capacity  of  the 
machines. 

In  both  propositions  I  and  II.  the  voltage  would  be  stepped 
up  by  means  of  transformers  from  6600  to  24,000  volts  in  Water- 
side and  transmitted  at  this  voltage  over  24.000-volt  cables  to 
the  West  Farms  Junction  of  the  New  York,  New  Haven  &  Hart- 
ford Railroad. 

III.  Power  su])plied  from  the  201st  Street  60-cycle  station 
transmitted  at  the  bus  voltage  of  7800  volts,  three-phase  to 
the  West  Farms  Junction  where  it  would  be  converted  by  means 
of  frequency  changers  to  11,000  volts,  25  cycles. 

IV.  vSpecial  25-cycle  generators  installed  in  the  201st  Street 
station  which  would  be  capable  of  giving  the  required  single- 
phase  load  in  addition  to  supplying  other  25-cycle  load  in  this 
territory.  Here  the  voltage  would  ])c  stepped  up  to  24,000 
volts  and  transmitted  at  this  voltage  to  the  West  Farms  Junction 
of  the  New  York,  New  Haven  8c  Hartford  Railroad. 

On  studying  these  four  propositions  it  was  found  that  the 
first  method  would  be  impracticable  as  it  would  not  give  the 
necessary  speed  control  for  division  of  loads  with'the  Cos  Cob 
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station.  It  would  also  not  be  possible  to  regulate  the  voltage 
supplied  without  the  installation  of  an  expensive  regulator  for 
this  purpose. 

Method  II  required  the  installation  of  phase  balancers 
which  was  a  new  type  of  apparatus  and  had  not  been  worked 
out  by  any  manufacturer.  The  cable  lines  would  be  very  long 
and  expensive,  and  there  would  be  no  available  space  in  the 
Waterside  stations  for  installing  the  transformers  and  phase 
balancers. 

The  layout  in  method  III  had  the  advantages  of  taking  three- 
phase  power  from  the  existing  buses  and  therefore  involving 
the  minimum  station  investment,  but  the  frequency  converters 
would  be  costly  and  uneconomical,  and  limited  in  application 
exclusively  to  this  service.  In  addition  they  would  require  an 
expensive  substation  for  their  installation  at  the  West  Farms 
Junction.  Also,  in  order  to  give  the  load  control,  it  would  be 
necessary  to  have  the  motor  of  these  frequency  changers  variable 
speed  with  certain  specific  drooping  characteristics  for  dividing 
the  load  in  the  desired  proportions  with  Cos  Cob.  Regenerative 
synchronous  converter  speed  control  in  connection  with  rotor- 
wound  induction  motors  was  considered  for  this  puq^ose  in  order 
to  increase  the  efficiency  of  the  conversion.  This  introduced  a 
complicated  and  rather  expensive  system  of  supply. 

Method  IV  seemed  to  offer  the  greatest  number  of  advantages 
as  it  would  give  complete  control  of  the  load  and  voltage  with 
a  short  transmission  cable  line.  While  the  cost  of  the  new 
generator  capacity  required  involved  a  much  larger  outlay,  still 
it  was  considered  that  ultimately  such  equipment  would  be 
utilized  both  for  the  railroad  load  as  well  as  for  the  company's 
increasing  demands.  For  this  consideration  the  method  proved 
to  be  tlie  chcajwst  when  the  net  results  of  capital  outlay  and 
transmission  and  transformation  losses  were  considered  as  part 
of  the  cost. 

Therefore,  wlien  the  contract  was  signed  for  supplying  the 
New  York,  New  Haven  &  Hartford  Railroad  single-phase  load, 
two  2.')-cyclc,  liliOO-volt,  three-phase  turbo  generators,  having  a 
high  single-i»liase  rating,  were  installed  in  the  201st  Street 
generating  station.  These  generators  were  rated  20,000  kw., 
three-phase,  at  unity  power  factor,  with  additional  single-phase 
guarantees  of  14.300  kv-a,  continuous,  after  which  17,600  kv-a. 
can  be  supplied  for  seven  minutes  with  a  momentary  peak  of 
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The  heavy  single-phase  rating  of  these  generators  was  made 
possible  by  the  use  of  special  damper  windings  in  the  field  poles. 
These  windings  were  necessary  in  order  to  neutralize  the  pulsating 
armature  reaction  of  single- phase  load.  The  voltage  of  these 
generators  was  made  6600  volts,  this  being  the  company's 
system  voltage. 

In  addition  to  the  supply  from  these  two  generators,  a  fre- 
quency changer  was  connected  between  the  25-  and  60-cycle 
buses  in  the  201st  Street  station.  This  25-cycle  bus  can  also 
transmit  or  receive  power  from  the  Waterside  station  through 
four  6000-kv-a.  existing  tie  lines  supplying  power  in  the  neigh- 
boring territory. 

The  power  is  stepped  up  in  the  201st  Street  station  to  24,000 
volts  by  three  5500-kv-a.,  single-phase  transformers,  with 
1000-kv-a.  teaser  transformers  supplying  the  third  leg.  This 
gives  a  capacity  of  11,000  kv-a.,  single-phase,  with  one  bank 
and  cable  out  of  service,  with  sufficient  three-phase  capacity 
for  holding  the  two  generating  stations  in  step  during  times  of 
trouble  on  the  single-phase  lines.  All  transformers  and  cables 
are  capable  of  giving  50  per  cent  overload  for  one  hour  following 
the  full-load  run,  with  a  final  100  per  cent  overload  for  seven 
minutes  and  150  per  cent  for  one  minute. 

Figs.  2  and  3  show  diagrammatically  the  method  of 
connections  in  the  201st  Street  generating  station  and  the 
West  Farms  substation  where  the  connections  are  made  to  the 
New  York,  New  Haven  &  Hartford  Railroad  lines. 

This  supply  has  now  been  in  operation  for  fourteen  months 
and  has  been  continuous  from  the  start  without  any  interference 
or  difficulty. 

The  above  description  of  this  supply  is  made  very  general  as 
the  details  have  already  been  published  in  the  technical   press.* 
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Discussion  on  "The  Power  Company's  Problem  in  thb 
EtECTRic  Supply  for  Large  Single-Phase  Load"  (Eglin). 
"Supply  of  Single-Phase  Loads  prom  Central  Sta- 
tions"   (ToRCHio),    Philadelphia.    Pa..   Oct     13,    1916. 

W.  S.  Murray:  In  the  days  of  the  not  distant  past,  there  can 
be  found  commentary  very  unfavorable  to  the  system  of  single- 
phase  traction,  based  upon  whether  that  power,  supplied  from 
central  stations  of  polyphase  design,  brought  about  unbalanced 
bus-bar  \-oltages. 

My  negotiations  for  the  40.000.000  kw-hr.  of  single-phase 
current  now  supplied  by  the  New  York  Edison  Company  to 
the  N'ew  Haven  road,  were  effected  through  Mr.  Torchio, 
and  the  electrical  construction  details  necessary  to  such  a  supply 
were  perfected  under  joint  co-operation  of  the  engineering 
departments  of  the  two  companies.  There  ha\-e  been  no  dis- 
appointing features  in  practical  operation  to  mar  the  excellent 
operating  results  which  we  anticipated,  and  as  outlined  in  the 
contract  guarantee  of  power  supply. 

The  safe  and  sane  construction  and  regulation  features  of 
the  power  supply,  bearing  in  mind  the  necessity  of  perfect 
continuity  of  service,  in  combination  with  synchronous  opera- 
tion with  our  own  power  station,  have  made  this  western  supply 
to  our  electrification  zone  a  most  valuable  adjunct. 

Ten  years  ago  the  New  Haven  engineers  elected  the  single- 
phase  system  of  propulsion  as  properly  applicable  to  the  New 
Haven  conditions  and  at  that  time  it.  of  course,  was  necessary 
to  decide  on  the  phase  characteristics  of  the  generators  to  be 
installed  in  the  power  station,  its  location  at  Cos  Cob,  Conn., 
having  been  determined  as  the  economic  point  for  power  dis- 
tribution. In  these  earlier  days  the  copper  clad  dampened 
field  was  not  in  \*ogue  and  as  pointed  out  before,  central  stations 
would  have  looked  askance  at  the  proposition  to  furnish  from 
their  bus  bars,  a  single-phase  load  in  the  amount  necessary  to 
the  New  Haven's  requirements,  on  account  of  its  unbalancing 
terminal  voltage  effect.  The  New  Haven,  therefore,  had  to 
solve  this  problem  incident  to  its  own  power  generation,  and  I 
think  1  can  say  that  the  cost  to  us  of  its  solution  was,  for  our 
own  and  for  posterity's  sake,  a  valuable  investment.  At  this 
])oint  it  is  of  interest  to  say  that  what  was  immediately  apparent 
to  the  engineers  of  the  New  Haven  Road  was  the  fact  that  the 
best  economies  of  power  house  generation  demanded  balanced 
loads  in  the  phases  of  the  generators,  while  the  exact  reverse 
and  controlhng  condition  prevailed  outside  of  the  power  house, 
in  that  the  most  economical  distribution  of  line  load  could  be 
effected  by  maintaining  one  phase  over  the  entire  system; 
thus  the  ijower  house  had  to  bow  to  the  line. 

The  inleresling  ste|),  however,  that  followed  was  not  the  selec- 
tion of  sitiglc-jihase  generators,  but  three-phase  generators. 
I  will  not  repeat  here,  what  may  be  foinul  in  the  archives  of  other 
papers  in  tlic  Institute,   regarding  our  early  troubles  incident 
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to  the  unbalanced  effect  of  single-phase  generation  by  poly- 
phase machines;  these  have  been  conquered  by  the  copper 
clad  field,  and  notwithstanding  our  three-phase  machines  are 
loaded  to  the  extent  of  80  per  cent  single-phase  current,  they  are 
at  the  same  time  distributing  three-phase  current  with  terminal 
voltages,  the  maximiun  unbalancing  of  which  is  not  greater 
than  15  per  cent  under  average  conditions.  Anticipating  that 
you  may  be  interested  in  what  the  actual  unbalances  are,  there 
follows  readings  which  I  had  taken  this  week  at  Cos  Cob  station. 


Cos  Cob  Peak  Loads 


Time 

Phase  Voltages 

Load  kw. 

1-2 

2-3 

1-3 

5:33  P.  M. 

12200 

11600 

13400 

16000 

5:36 

12100 

11600 

13400 

16500 

5:38  " 

12100 

11700 

13700 

17000 

5:42 

12100 

11600 

13600  - 

18000 

5:48 

12100 

11500 

13700 

18000     ' 

5:54 

12200 

11600 

13800 

19000 

6:08   •• 

12100 

11500 

13800 

21500 

6:16  •• 

12200 

11500 

13800 

20000 

6:22 

12200 

11500 

13800 

20000     1 

6:3©   " 

12200 

11500 

13900 

24000 

C< 

3S  Cob  Low  Loac 

»s. 

1 

1:42  A.  M. 

11700 

11800 

13500 

5500 

2:02   " 

11900 

11500 

13300 

4500 

2:08   •• 

11900 

11600 

13000 

2700 

2:13  " 

11900 

11700 

13100 

3800 

3:21   " 

12300 

11500 

13000 

2900 

3:25   •• 

12300 

11600 

13000 

3300 

3:38   •* 

12300 

11700 

13000 

2900 

3:46 

12300 

11700 

13000 

3300 

3:49   " 

12200 

11600 

12900 

3400 

3:57   •' 

12300 

11600 

13100 

3000 

i 
1 

As  Mr.  Torchio  has  pointed  out,  the  matter  of  unbalanced 
effects  due  to  the  supply  of  single-phase  loads  is  no  longer  of 
real  moment.  There  are  many  situations  where  the  unbalancing 
effect  (as  in  the  case  of  the  New  Haven  supply),  without  any 
other  correction  than  that  resulting  from  the  operation  of  copper 
clad  fields,  is  entirely  satisfactory.  For  example,  the  three-phase 
current  as  supplied  from  our  generators  previously  described,  is 
used  in  lighting  our  stations  and  for  the  operation  of  synchronous 
motors  and  converters,  operating  in  the  substations  of  railway 
and  liehtine  comoanies  adiacent  to  our  orooertv. 
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demand  may  require.  Other  stations  might  demand  a  more 
perfect  balance  of  terminal  voltage  on  the  three  phases  to  be 
continually  maintained  on  the  busses  of  the  power  station, 
while  supplying  single  phase  from  two  of  the  phases.  This 
can  be  accomplished  through  the  medium  of  a  balancer  as 
brought  out  in  Mr.  Eglin's  paper. 

Peter  Junkersfeld:  I  would  like  to  call  particular  attention 
to  the  first  paragraph  in  Mr,  Eglin's  paper,  and  particularly 
the  first  sentence. 

He  says,  "fundamentally  the  power  company  should  be  pre- 
pared to  supply  electric  power  for  all  the  uses  required  in  the 
territory  which  it  serves." 

The  remainder  of  his  paper,  and  also  Mr.  Torchio's  paper. 
shows  one  notable  instance  in  which  that  has  been  done,  and 
also  points  out  the  four  different  methods  that  were  considered 
and  the  reasons  that  govern  the  final  adoption  of  the  one  that 
was  selected. 

The  general  public  who  ride  on  the  steam  cars,  who  ride  on 
the  surface,  elevated  and  subway  cars,  and  who  use  electric 
service  for  lifiht  and  power,  are,  after  all.  in  the  last  analysis 
very  largely  one  and  the  same;  so  that,  if  anything  is  done  in  an 
uneconomical  manner,  in  any  one  of  those  branches,  it  to  a 
certain  extent  involves  the  same  people. 

Certain  of  these  uses  for  electric  service  come  at  one  hour  of 
the  day  and  month,  and  certain  other  uses  at  another  time  of 
day  and  month;  so  that,  if  the  fundamental  statement  that  is 
made  here  is  followed  out,  and  followed  out  to  the  full,  it  results 
in  the  best  economy  for  all  concerned.  That  applies  not  only 
to  the  particular  engineer  who  buys  and  installs  the  equipment, 
but  also  to  the  engineer  who  designs  and  manufactures  the  equip- 
ment. 

These  papers  refer  principally  to  the  supplying  of  railway  power 
in  large  centers  from  very  large  stations. 

1  think  we  all  feel  that  ultimately  the  use  of  electric  power  will 
be  very  extensive,  and  that  power  will  have  to  be  supplied 
through  widley  scattereii  areas;  and  also  that  full  consideration 
must  bu  given  Id  the  dollars  already  invested,  ;ind  these  dollars 
used  asf:,r;is  priKUcal.le: 

That,  then  immediately  brings  up  certain  further  questions 
in  the  design  of  a|)|>aratus  and  the  design  and  construction  of  lines. 
It  will  ijrubably  resolve  itself  into  practically  state-wide  trans- 
mission. 

Ill  state-wide  transmission  it,  will  be  possible  to  connect  up 
large  sources  of  power,  and  take  advantage  of  another  funda- 
mental factor,  which,  fur  the  moment,  we  might  call  "capacity 
diversity,"  particularly  in  a  largo  territory  where  there  is  a 
certain  source  of  steam  power  or  water  power  available. 

There  are  a  great  many  areas  in  this  coinitrv  where  the  water- 
power  supply  in  the  summer  is  very  low.  jjossibl'v  within  50  or  100  - 
miles  (8U.-1  km.  or  HUI.8  km. I  uf  some  place  where  there  is  a  cer- 
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tain  source  of  steam  power  supply,  which  has  an  excess  of  supply 
in  the  summer  and  a  shortage  in  winter.  Those  two  sources 
should  help  each  other.  The  state-wide  transmission  lines,  it 
might  be  conceived,  could  be  used  for  the  purpose  of  interchang- 
ing power  between  sources  as  well  as  delivering  power  to  the 
steam  railroads  along  their  route. 

That  will  mean  that  the  balancing  machines  would  probably 
have  to  be  put  at  the  points  where  the  steam  railroad  supply 
is  taken  off  and  taken  away  from  the  state-wide  transmission 
line. 

D.  B.  Rushmore:  The  necessity  for  single-phase  railway 
loads  is  an  open  question.  There  are,  however,  other  single- 
phase  loads  which,  under  present  conditions,  are  inevitable, 
and  amongst  the  most  important  of  these  is  the  electric  furnace. 
It  would  be  interesting  to  hear  from  Mr.  Eglin  and  from  Mr. 
Torchio,  what  on  their  respective  systems  they  would  consider 
the  maximum  capacity  of  single-phase  arc  furnaces  which  would 
be  permissible,  these  having  a  power  factor  of  between  75  and 
85  per  cent. 

The  two  systems  outlined  in  the  papers  are  different  in  respect 
to  the  overlapping  of  loads.  Where  single-phase  generators 
are  used  the  overlapping  of  loads  comes  only  on  the  boiler  equip- 
ment. On  the  other  system,  the  single-phase  electric  load  is 
transformed  into  a  three-phase  load  on  the  electric  circuits, 
and  the  possibility  of  obtaining  desirable  overlapping  is  very 
much  greater. 

It  will  also  be  interesting  to  know  what  is  the  minimum 
load  for  which  single-phase  generators  would  seem  desirable. 

L.  E.  Imlay:  We  have  no  single-phase  problem  at  Niagara 
Falls.    We  have  no  single-phase  railways. 

It  is  true  that  we  operate  a  number  of  furnaces  on  single 
phase,  perhaps  2000-kw.  cai)acity  is  the  largest,  but  our  sub- 
stations and  our  switch  stations  are  so  arranged  that  these 
furnaces  can  be  changed  from  one  phase  to  another. 

Our  customers  are  so  glad  to  get  power  that  they  are  willing 
to  take  it  not  only  when  we  want  them  to,  but  they  are  glad 
to  put  it  on  any  ])hase  that  we  ask  them  to  put  it  on,  so  that, 
we  have  had  no  trouble  whatever  from  unbalanced  loads. 

H.  R.  Summerhayes:  While  2000  kw.,  as  mentioned  by  Mr. 
Imlay  may  not  be  a  large  single-phase  load  to  put  on  the  Niagara 
system,  it  would  be  a  very  large  load,  and  rather  disconcerting 
in  its  effect  on  a  small  system;  and  it  is  quite  possible  that  a 
balancer  of  the  type  used  in  Philadelphia  could  be  applied  with 
good  effect  where  a  single-phase  load  of  2000  kw.  was  to  be  taken 
from  a  comparatively  small  system. 

When  we  get  to  as  small  a  load  as  2000  kw.,  however,  the 
question  of  the  comparative  cost  of  the  balancer  and  of  the 
single-phase  motor  generator  becomes  interesting,  and  I  should 
say  that  at  that  point  there  would  be  considerable  question 
whether  the  balancer  would  generally  be  cheaper  than  the  motor. 
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The  balancer,  however,  would  probably  be  more  efficient, 
even  in  that  size. 

In  larger  sizes  I  believe  that  Mr.  Doherty  intends  to  present 
some  figures  indicating  that  the  balancer  is  both  cheaper  and 
more  efficient,  hence  its  adoption  by  the  Philadelphia  Electric 
Company  for  this  single-phase  railway  problem. 

The  balancer  will  have  an  application  also  in  this  way:  that 
furnace  loads  need  no  longer  be  limited  to  2000  kw. 

Larger  single-phase  furnaces  may  be  used  if  machines  of  the 
character  of  this  balancer  are  used  with  them. 

In  Mr.  Torchio's  jiaper,  this  explains  very  clearly  the  reasons 
why  single-phase  generation  was  adopted,  and  there  are  undoubt- 
edly advantages  in  having  these  single-phase  systems  entirely 
.separate  from  the  general  three-phase  supply  of  the  New  York 
Edison  Company, 

It  is  possible,  however,  that  by  the  addition  of  a  balancer. 
the  two  systems  could  be  tied  together,  gaining  somewhat  in 
load  factor.  That  is,  the  diversity  factor  would  be  improved. 
N.  W,  Storer:  It  is  very  gratif>'ing  to  note  that  the  problem 
of  applying  single-phase  power  which  has  been  presented  to 
the  central  station  companies  has  been  met  so  satisfactorily. 
We  have  two  instances  here,  one  in  New  York  and  one  in 
Philadelphia,  where  the  same  problem  has  been  met  in  two 
different  ways,  and  both  of  them  are  giving  entire  satisfaction 
to  the  power  users,  and  to  the  central  station  companies. 

The  question  that  is  going  to  be  the  most  interesting  to  the 
Suture  users  of  power  is.  what  is  it  going  to  cost  to  produce 
single-phase  power  in  large  blocksi* 

Is  it  going  to  cost  more  than  three-phase  power,  and  if  so, 
how  much,  and  at  what  load  does  this  different  cost  begin? 

E.  H.  Martindale:  I  would  like  to  ask  what  power  factor  is 
obtained  on  single-phase  railway  load,  with  and  without  the 
balancing  set.  and  also  whether  the  use  of  damping  coils  has 
any  effect  on  the  power  factor? 

E.  F,  W,  Alexanderson:  If  I  understand  the  question  correctly, 
it  is  whether  the  use  of  a  balancer  improves  the  power  factor 
of  the  single-phase  load,  so  as  to  make  it  more  adaptable  to  the 
three-phase  |io\ver  system. 

If  desired,  the  balancer  can  be  made  to  act  as  a  synchronous 
condenser. 

That  question  was  considered  in  designing  the  balancer  for 
Philadelphia,  and  it  was  concluded  that  it  was  better  to  design 
these  machines  exclusively  as  balancers;  in  other  words,  having 
the  function  only  of  converting  power  from  single  phase  into 
polyphase,  but  not  to  correct  power  factor. 

The  power  factor  correction  is  being  accomplished  on  the 
single-phase  line  with  condensers  when  the  load  is  high  enough 
to  require  it. 

John  L.  Harper:  in  the  days  when  property  existed  in  water 
rights,  and  water  power  was  available  at  Niagara  Falls.  New 
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York,  for  the  benefit  of  industrial  interests  of  the  country,  we 
used  to  sell  power  for  $20.00  per  horse  power  per  year. 

Within  the  last  few  months  we  had  calls  for  amounts  of  power 
ranging  from  5000  to  25,000  horse  power,  which  we  could  not 
furnish.  Power  asked  for  in  some  previous  calls  has  now  been 
obtained  in  other  places,  because  we  could  not  furnish  it  in  a  single- 
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system  by  a  customer,  and  then  undertake  to  overcome  it  by 
installing  tt  complication  of  balancers,  trouble  will  result  from  the 
additional  expense  and  additional  complications.  These  balancers 
should  be  avoided  wherever  possible. 

J.  E.  Kershner:  I  would  like  to  ask  for  a  httle  informatioa 
on  the  manner  of  balancing  fields  controlled  by  automatic  regu- 
lators. 

I  did  not  see  how  you  could  take  fields  of  different  phases  and 
balance  them^just  what  does  that  mean?  You  could  not  very 
well  do  that  on  an  ordinary  generator. 

C.  F.  Scott:  Something  has  been  said  of  rather  taking  it  for 
granted  that  the  balancer  is  needed. 

Looking  at  the  question  broadly,  is  the  balancer  needed? 

Is  it  a  universal  panacea,  or  does  it  apply  to  certain  specific 
cases? 

The  problems  that  have  been  presented  are  those  of  the  larger 
sort.  Most  of  the  gentlemen  who  have  spoken  have  been  con- 
nected with  three  of  the  largest  central  stations  in  the  country  or 
with  Niagara  Falls,  or  the  largest  single-phase  railways. 

What  may  apply  there,  and  some  of  the  recommendations  that 
Mr.  Eglin  has  made.  I  think  will  be  found  to  apply  to  the  larger 
consideration  of  power  and  its  distribution. 

Broadly  speaking,  and  to  take  a  different  position  from  the 
position  which  has  been  presented,  is  it  not  better  to  do  away 
with  halanci^rs  and  auxiliaries  and  to  meet  the  single-phase  require- 
ment in  the  generator  itself? 

As  an  illustration  of  what  I  mean,  the  synchronous  condenser 
for  power-factor  correction  has  been  looked  upon  as  a  great  thing 
for  increasing  the  capacity  of  a  generator. 

If  for  example  a  certain  load  is  1000  kv-a.  at  00  per  cent 
power  factor,  we  have  two  alternatives,  (a)  a  lOOO-kv-a.  gener- 
ator In  operate  at  (iO  )>er  cent.  jKiwer  factor  or,  (b)  a  600-kw. 
generator  supijlcniented  by  a  MOO-kv-a.  synchronous  condenser. 
In  the  latter  case  the  aggregate  capacity  is  ItOO  kv-a.  If  there 
be  a  transmission  line,  its  cost  will  be  less  if  the  synchronous 
condenser  is  iilaced  at  tlie  load  end,  thus  compensating  for  the 
extra  cost  iit'  niiu-hinery. 

If  we  can.  by  increasing  the  size  of  the  generating  unit,  secure 
the  capacity  for  supplying  single-phase  power,  will  not  that  be 
simpler  than  the  addition  of  auxiliary  apparatus? 

We  will  be  adding  to  the  size  of  an  already  large  unit  where 
the  cost  for  the  additional  kilowatt  capacity  is  relatively  small. 

The  power  lost  in  a  single  power  generator  will  generally  be 
less  than  is  rctniircd  when  there  is  auxiliary  smaller  apparatus. 
The  attendance  is  less. 

These  remarks  may  not  apply  to  the  specially  large  cases  which 
have  been  mentioned,  but  they  certainly,  I  believe,  will  be  ap- 
plicable to  smaller  stations  and  smaller  powci:  units. 

Again,  two  distinct  cases  arise,  reci  instruction  and  new 
construction.      If  a   generator    is    now    installed    its    capacity 
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may  be  increased  in  the  simplest  way  by  the  addition  of  a 
synchronous  condenser  or  by  a  phase  balancer;  but  if  the  con- 
struction is  not  new,  it  might  be  simpler  to  simply  add  to  the 


^ 


1310  S/XGLE'PHASE  LOADS  lOoL 

have  no  umformity.  and  no  staitdard  at  aU  Yoa  have  got  to 
begin  somewhere,  and  the  right  place  to  begin  it  seems  to  tne 
ts  at  100  per  ceni  power  {actor,  so  that  yoa  can  specify  yoar 
machines  to  be  operated  at  100  per  cent  power  factor,  and  you 
have  got  your  system  e.onomized  for  load  a!!  the  way  tip  and 
down.  TTien.  if  you  can  load  yoar  machines  at  their  proper 
load,  you  can  generate  at  the  maximum  economy. 

Next  is  the  problem  which  aSecis  the  distiibutioo  of  the  energy 
to  the  consumer  Here  again  trouble  comes  in  from  the  power 
companies'  point  of  \iew     What  is  the  diaracter  of  that  power? 

If  there  are  very-  rapid  fluctuations  in  load,  it  requires  certain 
methods  of  handling,  or  if  it  is  a  bulk  power,  such  as  five  or  six 
thousand  kilowatts,  it  may  be  di\*ided  and  you  have  no  unbal- 
anced condition  to  treat  at  all. 

On  the  other  hand,  if  you  arc  installing  balancer  capacity, 
you  put  in  balancer  capacity  only  for  the  a\-CTage  unbalance  of 
your  s>-stem  As  your  single-phase  loads  grow  the  balancer 
capacity  is  not  increased,  that  siaj-s  the  same;  so  that  you 
do  not  have  lo  add  either  expensive  alierations  to  your  gener- 
ators b>-  making  them  larger,  and  adding  dampers  to  them. 
You  have  your  generators  as  efficient  as  they  can  be  made.  You 
only  correct  for  the  average  condition.  The  more  consumers 
you  get  the  belter  off  you  are. 

I  would  not  worn-  the  least  bit  about  any  furnace  that  I  have 
heard  mem;—"-^  ■  -'.rr-  '-f-rause-  we  are  taking  care  of  20,000- 
k\v    single-;  ":  .  „■     .  "'     ui  ar;,  trouble  at  all,  so  that  even 

with  a  ver\-  small  power  factor  I  would  certainly  not  advise — 
I  would  not  recommend  the  introduction  of  a  motor-generat<w 
set,  because  the  next  customer  who  comes  along  has  got  to  have 
another  generator  set;  you  cannot  balance  them  very  weU, 
and  you  are  adding  to  your  investment  cost,  .-^s  I  said  before, 
what  wf  are  really  aiming  at  i?  to  keep  our  investment  cost 
as  low  as  possible. 

Another  question  was  asked  with  reference  to  the  balancing 
r.f  the  fields 

I  said  the  fiaution  of  the  booster  was  to  balance  the  voltage. 

There  are  two  functions  of  The  machine.  One  is  to  balance 
[lower.  and  ihe  father  is  to  balance  voltage;  and  the  purpose  of 
the  xw"  fields  is  U'  comj.>ensate  all  of  the  three  phases  for  any 
uiib.-ilnni-ifl  cmditinri  nf  any  of  thoni. 

Philip  Torchio:  I  ihink  the  only  direct  question  was  raised 
by  Mr  Summerhayes  rcj^arding  the  reason  why  we  did  not 
supply  the  railway  load  from  our  system  bus. 

We  did  nil!  do  it  because  we  had  to  divide,  in  due  proportion, 
the  loads  between  our  plant  and  the  other  station  of  the  railroad 
company.  If  we  had  run  our  2lKl.tKM-kw,  bus  in  parallel  with 
the  railmad,  we  would  have  taken  all  the  heavy  swings  and  intro- 
duced cr implications  in  the  operation  of  the  customer's  station. 
which,  after  invt-stigatitm  of  existing  experience,  we  considered 
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Mr.   Summerhayes  also  asked  the  question  of  how  a  small 
company,  having  1000  or    1500-kw.  load,  should  take  care  of  a 
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Why  should  not  they  furnish  single-phase  power  if  the  customer 
is  to  pay  for  it? 

Farley  Osgood:  I  would  like  to  ask  Mr,  Eglin  to  tell  us  why 
he  prefers  purchasing  machines  at  lOO-per  cent  power  factor, 
as  against  what  you  can  concei\'e  to  be  the  probable  average 
power  factor  per  cent  of  his  system  as  a  whole,  which  is  the 
practise  at  present  with  some  companies? 

C.  F.  Harding  (communicated  after  adjournment) :  For  many 
years  we  have  been  familiar  with  the  advantages  of  a  large 
diversity  of  load  and  a  high  load  factor  upon  a  power  station 
furnishint,'  either  railway  or  lighting  and  power  ser\'ice.  The 
very  elTcctive  results  obtained  during  the  last  few  years  by  the 
CnmninnweaUh  Edison  Company  in  Chicago  by  the  consolida- 
tion of  these  three  types  of  loads  upon  a  single  generating  system, 
have  made  us  rcahze  thai  this  same  principle  of  great  diversity 
of  load  and  high  load  factor  may  well  be  extended  beyond  the 
individual  loads  to  entire  railway  and  lighting  systems. 

As  an  example  I  wish  to  emphasize  the  figures  recently  pre- 
sented by  an  official  of  this  corj-'oration  which  indicate  that  the 
addition  of  a  double  peaked  railway  load,  with  an  hourly  max- 
imum demand  of  204,000  kw.,  tn  a  light  and  [rower  load  with  a 
single  jjcak  of  lo6,0(K3  kw.,  raised  the  daily  load  factor  from 
52, 5  [ler  cent  to  59.3  per  cent.  This  also  resulted  in  a  saving 
in  reserve  ca|jacity  of  21,000  kw.  of  equipment  over  that  which 
would  have  been  required  with  the  loads  furnished  from  separate 
systems.  If  tlie  estimated  load  which  will  be  required  by  the 
electrification  of  the  steam  railroads  entering  Chicago  be  added  as 
well,  the  l<)ad  factor  for  a  typical  October  day  would  reach 
62  per  cent. 

Is  it  not  possible  and  desirable  therefore,  to  carry  this  line  of 
reasoning  a  steji  further  and  secure  as  much  single-phase  load 
an<i  as  great  a  diversity  of  such  loads  as  possible,  provided  the 
coTisuniiTs  demand  cannot  be  met  with  a  polyphase  service? 
With  ihe  increase  in  siiiglc-iihase  traction,  furnace  loads  and 
other  sini:!c-phase  jiowcr  demands,  not  only  will  the  difficulties 
in  baljiiiciiig  a  ihrec-phase  system  with  a  variety  of  single- 
phase  loads  be  Icssciu'd,  but  the  load  factor  of  the'svstem  will 
be  sinudlaneoush-  increased  as  well.  It  should  be  kept  in  mind 
thai  priu-Iically  all  singlc-jihase  loads  which  may  be  secured  for 
a  single  s\stom  are  of  long  hour  duration  and  that  the  addition 
of  any  such  loads  wliich  make  more  of  the  reserve  equipment 
a\aiki)tlc  fur  greater  periods  of  time.  sini|>!\-  results  in  eliminating 
lixed  charges  uihmi  suiicrfluous  e((uijiinent  which  would  other- 
wise ha\c  to  Ih,'  b.)rne  by  the  cou'^umer. 

Such  a  saving  with  se|^arate  singk-|)liasc  generators  in  the 
slalioii  would  affect  the  steam  e(|ui|>inent  onh-.  With  the  use 
iif  some  system  which  i>ennits  single-|)hase  load  to  be  furnished 
■^aiisfai-torily  fnmi  plllyphas^■  generators,  the  saving  in  fixed 
charges  is  made  a|i|ilicable  tii  tlie  electrical  apparatus  in  the 
power  station  as  well,      Ultimately,  if  the  single-phase  load  is 
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SINGLE-PHASE  POWER  PRODUCTION 


BY  E.   F.   W.  ALEXANDERSON  AND  G.   H.   HILL 


Abstract  of  Paper 


The  general  tendency  of  the  electric  power  supply  industry 
is  toward  the  centralization  of  power  stations,  embracing  a 
variety  of  loads.  In  order  to  be  consistent  with  this  develop- 
ment ft  is  highly  desirable  that  power  stations  be  standardized 
in  essential  features,  so  that  they  may  combine  their  resources 
toward  the  ideal  arrangement.  The  production  of  single-phase 
power  should  not  interfere  with  this  general  scheme.  Looked 
at  from  this  standpoint,  single-phase  power  can  best  be  pro- 
duced from  polyphase  systems.  Means  are  suggested  for  pro- 
ducing single-phase  power  without  interfering  with  the  broad 
usefulness  of  the  power  station.  The  mode  of  operation  and 
theory  of  phase  converters  is  discussed  with  particular  reference 
to  its  adaptability  for  permitting  single-phase  power  to  be 
derived  from  polyf)hase  circuits. 


IN  VIEW  of  the  universal  use  by  power  companies  of  poly- 
phase generation  and  transmission  of  electric  power  for 
ji^eneral  purposes,  the  production  and  delivery  of  single-phase 
power  must  be  considered  as  a  special  problem. 

No  power  company  would  or  could  afford  to  install  a  single- 
phase  plant  unless  its  sole  purpose  was  to  furnish  power  to  a 
load  that  requires  single-phase  power.  In  other  words, it  is  settled 
that  polyphase  generation  and  transmission  is  most  efficient, 
flexible  and  economical,  and  the  problem  presented  to  power 
companies  when  the  demand  for  single-phase  power  appears  is 
how  this  may  best  be  produced  or  derived  from  their  polyphase 
systems. 

Indeed  it  may  be  well  to  extend  the  problem  to  cover  those 
cases  where  such  large  amounts  of  single-phase  power  are  re- 
quired as  to  apparently  justify  a  special  power  house  and  to 
inquire  whether  it  might  not  be  preferable  in  such  a  case  to 
generate   and    transmit    by    polyphase    and    deriv^e    the   single- 
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permit  with  a  minimum  of  elaborate  and  jjower- consuming 
transforming  apparatus.  This  idea  of  consolidation  and  cooper- 
ation has  recently  been  given  serious  attention  by  many  of  our 
ablest  men  who  appreciate  the  Rreat  value  of  diversified  loads 
and  the  t,'reater  economic  efficiency  to  be  obtained  by  covering 
the  greatest  field  possible  from  a  common  source  of  electric 
power  supply.  It  is  prudent  therefore  to  condition  any  con- 
clusion that  involves  power  production  with  the  essential  re- 
quirement that  it  be  consistent  with  this  general  tendency. 

The  rapid  growth  of  electric  power  systems  makes  this  a 
most  practical  consideration.  There  arc  enough  dilTerences 
between  electric  transmission  systems  as  they  now  exist  without 
introducing  still  further  complications. 

Differences  in  voltages  can  not  be  avoided  but  to  equalize 
this  does  not  entail  great  loss  of  efficiency  or  undesirable  features. 

Differences  in  frequency  are  more  serious  and  the  process  of 
decision  ujjon  the  most  desirable  frequency  for  general  use  has 
resulted  in  adopting  a  variety  of  frequencies  in  ditTerent  localities. 
As  we  now  look  upon  00  cycles  as  standard,  the  use  of  ,50,  40. 
30,  25  and  possibly  other  frequencies  can  not  but  be  regarded 
as  unfortunate  since  practical  considerations  will  sooner  or  later 
force  the  .s\'stems  having  odd  frequencies  to  seek  means  to  free 
themselves  from  the  handicap  they  entail.  There  are  many 
excellent  systems  -and  stations  using  25-cycle  power  and  the 
rea.soiis  for  adopting  2i)  cycles  were  good  and  sufficient  when 
they  were  established.  Without,  therefore,  criticising  the  engi 
ncering  of  these  plants,  it  may  be  stated  that  1  hey  could  be  dupli- 
cated today  with  (iO-cyclc  ajiparatus  for  less  than  the  original 
cost  anil  with  a  distinct  gain  in  general  economic  usefulness  and 

It  sccnis  a  1oi:ifal  and  highly  practical  conclusion  that  general 
Ijolicy  should  be  o|)])(iscd  to  the  establishment  to  any  considerable 
extent  of  |)ower  hvstcms  having  peculiar  or  special  features 
making  them  inadaptable  to  cflicicnt  connection  with  other 
systems  in  the  vicinity. 

Single-phase  i>ower  may  l)c  ol)t;iined  by: 

1.  .^ei)aratc  generating  and  disirilnnion  systems  designed  for 
single-phase  Inad, 

2.  Poly])liase  generation  am!  distribution  of  single  phase  load 
between  the  [ihases  so  that  in  elTect  tlie  load  becomes  a  poly- 
phase load. 

3.  Generation  and   transmission   as   polyphase  with  motor- 
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duties.  The  expense  of  attendance  in  any  case  is  a  small  per- 
centage of  operating  costs  and  can  be  entirely  eliminated  by 
introducing  automatic  devices  to  start  and  switch  the  motor 
and  generator,  such  as  are  coming  into  successful  use  for  direct- 
current  synchronous  converters,  waterwheel  generators  and  other 
rotating  apparatus. 

This  disadvantage,  moreover,  largely  disappears  when,  as 
usually  happens,  a  system  of  single-phase  generation  is  connected 
to  other  systems  through  motor-generator  sets  for  interchange 
of  power. 

No.  4  is  in  general  respects  the  same  as  No.  2  with  the  addition 
of  a  relatively  new  development  known  as  the  "phase  converter** 
which  preserves  the  balance  of  the  system  even  when  large 
blocks  of  single-phase  power  are  taken  from  the  system.  Its 
use  greatly  extends  the  possibility  of  connecting  single-phase 
loads  directly  to  a  polyphase  system  provided  the  frequency 
does  not  have  to  be  changed. 

The  use  of  phase  converters  is  relatively  recent  and  perhaps 

not  very  well  understood.     This  makes  it  of  interest  to  discuss 

the  method  of  balancing  and  the  apparatus  employed  more  in 

detail. 

Theory  of  Phase  Conversion 
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to  the  present  found  much  practical  application  for  low-fre- 
quency power  current.  There  is,  therefore,  for  phase  conversion 
on  a  large  scale,  only  one  type  of  apparatus  that  can  be  considered, 
a  rotating  machine  which  stores  the  energy  in  the  mechanical 
inertia  of  the  rotor. 

In  order  to  arrive  at  an  understanding  of  the  physical  functions 
of  phase  conversion  with  a  rotating  machine,  several  different 
points  of  view  are  possible,  as  sometimes  one  and  sometimes 
another  is  more  helpful  in  arriving  at  direct  conclusions.  The 
following  three  methods  of  looking  at  the  problem  may  be  help- 
ful: 

I — Phase    Converter  Considered  as  a  Motor-Generator 

The  phase  converter  is  built  as  a  quarter-phase  induction 
motor  or  synchronous  motor  with  a  squirrel  cage;  one  phase 
is  a  motor  phase  and  the  other  phase  is  a  generator  phase. 
The  input  of  the  motor  phase  is  equal  to  the  output  from  the  gen- 
erator phase,  not  only  in  the  average  value  of  the  power  flow  but  in 
the  instantaneous  value  of  energy  flow  which  is  delivered  and 
returned  during  the  same  half  cycle.  The  only  difference  between 
the  energy  flow  in  the  two  phase  windings  of  the  converter  is 
that  the  momentary  values  of  current,  volts  and  energy  is 
delayed  \  cycle  in  one  winding  in  relation  to  the  other.  The 
squirrel  cage  is  the  medium  for  the  transfer  of  energy,  and  the 
mechanical  mass  of  the  rotor  provides  the  energy  storage.  In 
order  to  make  it  possible  to  store  the  energy  in  the  rotor,  there 
must  be  corresponding  changes  of  speed  and  therefore  the  rotor 
must  go  through  a  cycle  of  speed  change  during  each  half  cycle 
of  the  alternating  current  flow.  This  speed  change  of  the  rotor 
is  evidenced  by  the  vibration  which  is  a  characteristic  of  any 
single-phase  machine.  The  speed  chan;;e  of  the  rotor  has,  however, 
nothing  to  do  with  the  electrical  functions  of  the  machine  in 
performing  as  a  phase  conx'crter.  If  wc  could  couple  the  nHor 
to  a  flywheel  of  infinite  weight  so  tliat  the  speed  change  would 
be  zero,  the  conx'erter  would  perform  in  the  same  way. 

Having  thus  explained  how  it  is  conceivable  that  the  i)hase 
converter  o|)erates  as  a  motor  generator,  it  remains  to  exj)lain 
what  means  are  j^rovided  for  making  it  perform  in  this  way;  in 
other  words,  what  causes  the  energy  flow  in  the  two  phases  to 
vary  the  same  cycle  of  momentar\-  values  although  delayed  \ 
cycle  in  time.  Various  means  can  be  provided  for  producing 
the  desired  energy  flow  and  will  lead  to  different  types  of  phase 
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converters.  Broadly,  it  can  be  stated  that  whatever  means  are 
provided,  the  result  of  these  means  must  be  the  desired  flow  of 
currents  throu{;h  the  windings,  and  therefore  the  means  must 
consist  in  providing  the  necessary  electromotive  forces  to  cause 
these  currents  to  flow-  through  the  windings. 

One  method  of  providing  these  electromotive  forces  is  to  use 
an  auxiliary-  generator  which  impresses  the  desired  electromotive 
force  on  the  windings.  Instead  of  a  generator  any  other  conven- 
ient source  of  electromotive  force  may  be  used,  such  as  a  trans- 
former or  an  induction  regulator.  Another  method  is  to  connect 
the  windings  of  the  converter  with  reference  to  the  source  of 
power  and  the  load,  in  such  a  way  that  the  electromotive  forces 
arc  furnished  automatically  by  the  source  of  power. 

The  first  method  leads  to  the  phase  converter  connected  in 
shunt  to  the  line  and  is  the  type  that  has  been  adopted  in 
the  phase  balancer  sets  of  the  Philadelphia  Electric  Com- 
pany; for  the  sake  of  brevity  this  type  inay  be  referred  to 
as  the  shunt  converter.  ITie  function  of  the  shunt  converter 
is  to  transfer  energy  from  one  phase  to  another  in  a  polyphase 
system  so  as  to  neutralize  the  ctTecl  of  single-phase  load  drawn 
from  the  same  system  in  another  place.  The  second  method 
of  producijij;  the  desired  flow  of  current  in  the  system  leads  to 
the  scries  converter.  In  this  type  of  converter  the  single-phase 
circuit  is  in  series  with  one  phase  of  the  converter.  The  series 
converter,  as  applied  for  changing  from  single-phase  power  to 
polyphase  power  is  described  in  a  paper  by  one  of  the  authors 
in  1911.  This  same  arrangement  is  well  adapted  for  change  of 
polyjiha.'^c  lo  single-phase  ]>ower  and  this  method  is  in  some  cases 
preferable  to  the  Bluinl  converter.  The  function  of  the  series 
converter  iw  not  tii  correct  for  n  single-phase  load  that  has  hevn 
placed  on  a  jiolyphai^e  IItic  Inu  to  change  the  single-phase  load 
into  a  jMilyphasc  load  before  it  is  connected  to  the  line, 

II  —  Tui;      PUASK     CoNVlvRTKK      CONHlDEKliU     AS     A      PoLYPHASE 

Gen*kr,\tor 
This  second  ymiiit  of  view  is  more  artificial  than  the  first 
but  is  more  heljiful  in  analyzing  the  function  of  the  phase  con- 
verter. For  the  i>uri)Ose  of  siich  analyzing,  a  well-known  mathe- 
matical artifice  is  made  use  of,  A  single-phase  current  can  be 
considered  as  resolved  into  two  polyphase  components  with 
o]>posite  phase  rotation.  One  of  Uiese  ]>olyphasc  components 
has  the  same  phase  rotation  as  a  power  system  and  constitutes 
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former  windinj^s.  This  impedance  drop  is  evidenced  by  the  volt- 
age drop  on  the  terminals  of  the  secondary  winding.  The  same 
considerations  apply  to  the  use  of  the  converter  as  a  series 
transformer.  The  ratio  of  current  transformation  is  for  all 
practical  pur])oscs  constant  at  all  loads  at  which  the  transformer 
can  be  used.  The  voltage  dro])  on  the  secondary  side  is  the  sum 
of  the  impedance  drop  in  the  primary  and  secondary  winding. 
In  the  case  of  the  phase  converter,  the  impedance  drop  includes 
the  drop  in  the  squirrel  cage  which  is  the  transfer  medium. 
However,  we  are  also  in  the  habit  of  measuring  the  impedance 
of  the  induction  motor  windings  on  the  primary  side  and  look 
upon  the  impedance  in  the  stator  and  the  rotor  as  concentrated 
in  the  stator  winding.  Wc  therefore  find  that  the  impedance 
of  a  converter  when  considered  as  a  transformer  is  the  same  as 
the  stationary  impedance  of  the  same  machine  measured  as 
an  induction  motor  at  standstill.  From  this  analogue,  we  have 
a  right  to  cxjoect  the  following  characteristics  of  the  series  con- 
verter and  these  conclusions  are  in  entire  agreement  with  prac- 
tical measurements.  The  change  of  a  single-phase  load  into 
polyphase  load  is  automatic  and  results  in  a  perfect  distribution 
of  current  in  the  two  phases  at  all  loads.  The  voltage  delivered 
to  the  single-phase  circuit  has  a  slight  drop  with  increasing 
load  and  has  the  same  characteristics  with  reference  to  cur- 
rent and  ])owcr  factor  that  would  be  obtained  by  placing  an 
impedance  in  series  with  the  single-phase  circuit  equal  to  the 
imj)edance  of  the  windings  of  the  converter. 

Applications  of  Phase  Converter 

In  regard  to  efficiency  and  size,  the  pha.se  converter  can  be 
considered  as  being  in  the  same  class  as  the  synchronous  con- 
denser. In  fact  it  has  substantially  the  same  structure,  the 
dilTerencc  being  that  the  squirrel  cage  which  is  usually  emi)U)yed 
in  the  synchronous  condensers  to  countcrac^t  hunting  becomes 
in  the  jjhasc  con\'erter  the  main  rotor  winding,  while  the  field 
winding  of   tlic   synchronous   condenser  is  reduced    to   a   small 
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methods  of  application  are  possible.  In  the  first  place,  it  is  pos* 
sible  to  place  the  phase  converters  cither  in  the  power  house  or 
at  any  desired  place  of  the  distribution  s\-stem.  S>Tichronous 
condensers  may  be  needed  on  distribution  s>-stems  for  the  sake 
of  counleractinK  low  power  factor,  and  such  s\-nchronous  con- 
densers can,  i[  desired,  be  designed  so  that  they  can  in  addition 
be  used  as  phase  balancers,  in  order  to  make  it  possible  to  draw 
single-phase  load  from  the  fiame  system  If,  on  the  other  hand, 
the  main  load  is  synchronous  converters  with  unity  or  leading 
imwer  factor  it  may  be  more  practical  to  locate  the  phase  bal- 
ancers in  the  power  stations.  The  sinj^'le-phase  load  is  usually 
of  low  power  factor  and  the  laj^fiinR  current  of  the  single-phase 
system  may  be  furnished  either  to  the  single-phase  distribution 
system  by  sinf;lc-phase  synchronous  condensers  or  may  be  fur- 
nished in  the  power  house  by  polyphase  machinery"  after  the 
whole  kilovoll-amperes  of  the  single-phase  load  has  been  con- 
verted to  polyphase.  In  the  latter  case,  the  phase  converter  can 
be  used  for  p(jwcr  factor  correction  as  well  as  phase  conversion, 
but  in  that  case  it  must  be  large  enough  to  convert  the  whole 
sinRle-fihase-kilovoll  amperes  at  a  low  power  factor  and  then 
furnish  jxilyphaso  current  tn  rorrcct  for  this  power  factor;  whereas 
in  the  other  case  where  the  single-phase  power  factor  is  corrected 
for  by  synchronous  condensers  the  phase  converter  needs  to 
convert  only  the  i)owcr  component  of  the  single-phase  load. 
The  choice  between  these  methods  of  conversion  will  depend 
U])on  local  conditions  of  expediency. 

The  shunt  converter  is  of  particular  value  in  those  cases  when 
it  is  ex]>ccted  that  single-phase  load  may  be  drawn  from  differ- 
ent phases  of  a  jmlyjihase  system.  In  such  cases  unbalancing 
of  tlic  single-jihase  load  will  be  partly  neutralized  and  it  will  be 
necessary  to  convert  only  the  difference  between  the  single-phase 
loads.  There  are,  on  the  other  hand,  eases  where  the  series 
lilinse  converter  can  be  used  to  best  advantage.  Those  are  cases 
when  it  is  desired  to  convert  the  single-|ihase  load  at  the  point 
where  it  is  coimccted  lo  the  polyphase  system.  The  series  con- 
verter has  in  that  case  the  advantage  of  simplicity,  as  the  ar- 
rangenu'Tit  is  antomalie  anil  no  auxiliary  generator  or  voltage 
reijulatur  is  needed.  In  cases  where  a  single  electric  welding 
machine  or  arc  furnace  is  to  lie  fed  from  a  polyjihasc  system,  the 
series  converter  should  be  recommended.  If  such  an  installation 
has  been  made  with  a  scries  converter  in  order  to  insure  the 
lowest  first  cost  and  it  should  be  desired  to  add  other  furnaces 
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to  the  other  phases,  the  same  converter  might  be  used  as  a 
shunt  converter  without  any  increase  of  converter  capacity  but 
with  the  addition  of  suitable  regulating  devices. 

It  has  been  pointed  out  that  a  synchronous  condenser  has  a 
structure  suitable  for  phase  conversion.  The  same  is  the  case 
with  an  induction  motor  or  a  single-phase  turbo-generator,  in 
fact  any  polyphase  machine  with  a  squirrel  cage.  Such  machines 
are  always  connected  in  shunt  to  the  line  and  would,  therefore, 
be  available  as  shunt  converters  wherever  desired.  If,  for  in- 
stance, a  power  house  is  built  primarily  for  furnishing  single- 
phase  power  from  single-phase  generators  but  it  is  desired  to 
furnish  a  certain  amount  of  polyphase  power  in  addition,  the 
objection  arises  that  the  polyphase  voltage  is  unbalanced  in 
proportion  to  the  single-phase  load.  In  such  a  case  it  might  be 
expedient  to  use  the  squirrel  cage  of  the  turbo-generator  as  a 
converter  medium  by  adding  suitable  regulating  devices.  The 
interchange  of  current  between  the  phases  is  then  already  de- 
termined by  the  load  conditions,  but  the  electromotive  forces 
necessary  to  cause  this  interchange  of  current  appear  in  the  un- 
balancing of  the  line  voltage.  This  unbalancing  of  voltages  can 
be  treated  with  the  same  method  of  analysis  as  given  in  the  pre- 
ceding for  the  unbalancing  of  current.  The  unbalancing  electro- 
motive forces  are  resolved  into  their  components  and  the  cor- 
recting electromotive  force  may  be  furnished  by  a  generator 
driven  either  from  the  turbine  shafts  or  by  a  synchronous  motor. 
This  generator  has  the  same  character  and  functions  as  the 
auxiliary  balancing  generator  in  the  phase-converter  set.  A 
power  house  for  mixed  single-phase  and  polyphase  load  equipped 
in  this  way  can  be  operated  in  multiple  with  other  power  houses 
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C.  The  use  of  standard  polyphase  generators  and  special 
single-phase  generators  connected  to  the  same  bus  bars  with 
automatic  means  for  regulating  the  governors  and  fields  of  the 
single-phase  generators  so  that  they  will  absorb  the  entire 
unbalancing  of  the  current. 

The  choice  between  these  three  methods  of  balancing  a  power 
system  with  mixed  load  will  depend  upon  local  conditions  and 
general  expedience.  All  three  methods  have  the  advantage  of 
avoiding  duplication  of  the  transformation  and  distribution 
system.  The  first  method  involving  the  use  of  the  phase  conver- 
ter introduces  the  least  change  in  standard  polyphase  power 
systems  and  is  adapted  for  the  cases  where  the  polyphase 
load  is  predominant.  The  second  method  is  adapted  for  cases 
where  the  single-phase  load  is  predominant,  and  has  the  merit  of 
making  all  of  the  generating  units  available  for  both  single  and 
polyphase  power  as  the  system  may  demand.  It  is  thus  adaptable 
to  growth  and  changes  in  the  system,  to  preservation  of  good 
load  factor  and  interconnection  with  other  power  systems.  The 
third  method  does  not  offer  any  particular  advantages  over  the 
two  others  but  is  mentioned  for  the  sake  of  completeness.  Its 
use  might  be  considered  in  cases  where  single-phase  and  poly- 
phase generators  are  already  in  use  in  the  same  power  house  and 
it  is  desired  to  use  the  polyphase  distribution  system  for  taking 
on  single-phase  load.  The  efficiency  of  all  three  methods  may 
be  said  as  a  whole  to  be  on  a  par.  In  specific  cases  some  slight 
advantage  may  be  figured  out  for  each  of  the  systems,  but  the 
determining  factors  will  not  be  so  much  inherent  efficiency  of 
the  electrical  apparatus  as  the  difference  in  load  factors  and  the 
influence  of  load  factors  on  steam  cconom\'. 

For  the  sake  of  an  easy  comparison  of  the  different  methods 
proposed,  a  tabulated  set  of  diagrams  are  given  showing  the 
essential  features  of  each  system. 
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SINGLE-PHASE  POWER  SERVICE  FROM  CENTRAL 

STATIONS 
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Abstract  of  Paper 

The  purpose  of  the  paper  is  to  outline  several  methods  by 
which  single-phase  power  may  be  supplied  from  a  polyphase 
system    and    to    discuss    their   advantages   and    disadvantages. 

The  unbalance  in  voltage  when  single-phase  power  is  supplied 
direct  from  a  polyphase  circuit  is  explained.  The  law  of  dis- 
tribution of  load  in  the  polyphase  system  is  deduced,  and  the  lim- 
itations of  this  method  of  supplying  single-phase  power  are 
discussed. 

Single-phase  generation  is  one  solution  of  the  problem,  motor 
or  steam  drive  may  be  used  depending  on  the  size  of  unit  required. 
An  outline  of  the  theory  of  the  single-phase  generator  is  given 
from  different  points  of  view. 

The  essential  requirements  for  phase  balancing  are  deduced 
from  which  an  outline  of  the  theory  of  phase  balancing  is  devel- 
oped. Attention  is  called  to  the  requirements  of  the  control 
apparatus.  The  behavior  of  the  balancer  under  short  circuit  is 
given  consideration. 

The  merits  of  single-phase  generation  and  phase  balancing 
in  the  case  of  a  single-phase  load  from  one  phase  arc  discussed, 
with  the  conclusion  that  there  is  little  difference  in  cost  between 
the  two  schemes  and  there  is  much  to  be  said  in  favor  of  single- 
phase  generation  for  such  a  case. 


Introduction 

IT  IvS  the  purpose  of  this  paper  to  outline  several  methods  by 
which  a  power  conij)any  may  supply  single-phase  power,  to 
indicate  under  what  conditions  each  method  may  be  considered 
as  the  most  suitable,  and  to  explain,  from  more  than  one  view- 
point, some  of  the  features  of  tlie  desi^m  and  theory  of  the  ap- 
paratus required. 

Central  stations  with  polyphase  equipment  are  often  called 
upon  to  supply  single-phase  loads  in  small  quantities.  In 
general,  this  is  attended  with  no  difficulty ,  as  the  individual 
loads  are  ordinarily  small  and  a  combination  of  a  large  number 
of  small  loads  ordinarily  results  in  a  fairly  balanced  total  load. 
Under  certain  circumstances,  however,  even  with  relatively 
small  single-phase  loads,  it  would  be  desirable  to  balance  up 


1 
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((blKl'liUil    feeders  if  it  were  possible  to  obtain  the  i 

Wften.  tviwever,  ih*  iiidi\'idtial  single-phase  loads  become 
rdatn'dy  larpe.  compared  with  the  total  capacity  of  the  station. 
f^jCh  the  \tjtage  and  current  unbalance  oi  the  si-stem  resulting, 
may  cause  seiious  inconvenience  and  it  becomes  accessary  to 
jrrtivitU:  tfierial  means  for  handling  these  loads. 

It  is  tfpjposed  to  consider  the  problem  under  the  following 

1  Single-phase  toads  supplied  direct  tntm  the  polyphase 
system 

2.  Sin^te-phase  loads  supplied  from  separate  single-phase 
jfeneratort- 

3  Single-phase  loads  supplied  from  polyphase  system  direct, 
hut  the  balance  of  the  system  maintained  b}-  means  of  auxiliar>' 
apparatus 

I — Single-Ph.\se  Loads  Supplied  DiREn  from  the  Polv-  — 
PHASE  Systbu  J 

When  a  single-phase  load  is  supplied  direct  from  any  polvS 
phase  generator,  the  effect  of  thi?  '.oad  is  to  ^iroduce  an  un- 
balance in  the  terminal  voltage  of  the  machine.  The  voltage 
of  any  phase  of  a  generator  when  carrying  load  is  the  resultant 
of  the  induced  voltage  and  :he  e.m.f.  necessary  to  force  the  cur- 
ren:  a;,'ain=t  the  impedance  of  the  phase  winding.  It  is  eWdent, 
■therefore,  that  if  equal  currents  of  the  same  displacement  are 
supplied  by  ai:  phases,  in  oihcr  words,  balanced  load  is  dehvered 
by  the  machine,  that  the  teniiinal  voIta,;;e  diagram  is  similar  to 
the  nv-jjad  voitawe  'lia^^ram,  but  that  a!i  e.m.fs.  are  rotated 
thr'.'U-''.  :!-.■-■  -arr:t.-  :in,*'.e:  bii^ar.ced  voltages  are  therefore  main- 
tai.-.f !  [:'  '::■■:'.■  cw-T.  l^  sir,,-!e-pha5e  load  isapii'ied  to  the  machine 
for  ^x-.-.r.-.:.'.^  •.:■.  :'■:.•,■  i,-i;iL-  ■■■:  a  rhrt-e-phast  ..;enera:or',  the  terminal 
■.■i-j'r.r^^->-  ■■-•  ■■■--■■:  >^-;  ..-.■.;,  r.Tt:  jtTectcd  by  r"-e  l.-'.-id  current  and  the 
:-:~-^'.'\'.-  ■'-.:•.'.,'■.  ■:'  -L—r.ir,;!!  v--.'.;a,L;t'-  ;-  ii^t'^rted  from  an  equi- 
\z.:--:  or  ■..:,:-■:..  :  '7:,.^-.^      >ve  Fi;;;.  1  and  '2. 

Tht.-  li-.^iMr,  'if  .vr,  unr.ai.iriced  "uad  between  the  various 
nic;cr.:r.c.r  cor.nec^cl  -."  ;-,  ;.".'!y:ihase  system  may  be  explained  as 
foLlo-,v::  The  distor-,:-..r.  ■■:  the  e  ml,  dia^:ram  must  be  the  same 
for  a'.',  jc-crator^  cor.r.trcted  to  common  bus  bars  and  for  all 
feeder;  '.eaving  these  bus  bars,  therefore,  the  magnitude  of  the 
impe'lir.ce  drop  in  -.he  machines  is  identical  for  all  units.  In 
other  words,  the  unbalance  in  load  distributes  itself  between  all 
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machines  connected  to  the  system  inversely  in  proportion  to  the 
impedance  of  the  machine  plus  the  impedance  of  the  line  circuit 
up  to  the  point  of  application  of  the  unbalanced  load. 

The  magnitude  of  the  voltage  unbalancing  in  any  system  will 
depend,  therefore,  upon  the  relative  amount  of  balanced  load 
as  compared  with  the  unbalanced  portion.  In  particular,  sym- 
metrical polyphase  machinery,  such  as  synchronous  motors, 
synchronous  converters  or  induction  motors,  will  have  a  pro- 
nounced balancing  effect  on  the  system  independent    of    the 
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II — S!scl£-Phase  Loads  Sl*ppued  raoM  Bei-arati  Single- 
Phase  Gene«atoks 

If  ihe  smgle-pfaase  load  supplied,  is  of  a  difierent  frequence' 
frocn  that  (rf  the  poK~pbase  s>'stem.  it  is  ob^-ioos  that  a  single- 
phase  generator  is  the  only  lo^cal  solution  This  gei^erator 
may  be  driven  either  by  steam  direct,  or  by  a  motor  connected 
to  the  polyphase  sjstcni-  If  the  frequcnc}'  of  the  single- phase 
load  is  the  saiae  as  that  of  the  poK^phase  s^-siem,  and  it  is  de- 
cided to  Eeaeraie  this  load  as  angle-phase  power,  the  generators 
may  be  driven  by  motor,  if  the  load  is  a  small  percentage  of  the 
total  station  capadty;  or  they  may  be  steam  driven,  if  the  sene- 
ratois  are  of  suffiaeat  ouipui  to  warrant  it  Choice  of  the  drive 
is  largely  one  of  dollars  and  cents,  to  be  determined  by  the  cost 
of  the  plant  and  the  economy  of  operation.  The  main  ad^-antage 
in  the  use  of  si-eain  drive  is  that  the  single-phase  toad  of  the  sta- 
tion is  eniireiy  independent  of  the  inaici  system.  The  cost  of 
power  may  be  higher  for  the  single-phase  plar.t  than  for  the  main 
system,  the  dirference  dependin^g  upon  the  relative  size  of  the 
units  in  the  two  s^-^ems.  and  upon  whether  steam  drive  or  motur 
drive  be  tised. 

The  only  piece  of  apparatus  reQuinn^  ^ny  e-\t>!ar.ation  is  the 
5;r.^-e-pr.asc  ger.erator  it«li.  This  n-.achine.  as  ordinarily  built. 
is  e5ier.;ia"y  a  three-phase  ger.era:or.  except  that  the  rotor  is 
■;.T''yrAt<i  -a-'th  a  dair.per  or  ^  sq-L::rre!-oai;e  -.vinding  in  the  faces 
of  the  f.t'.d  p-jlcs  The  ;;cr.cra!  o.T.s:r'.io:i<.in  and  appearance  of 
such  darr.rjt'rs  :s  ■-veV.  kr.o-.vr..  Cs?  '.heir  i:s<? :?  quiie  con-jnon  in  con- 
r,ec::or.  -.v;:h  ^iircrir.:  ■.yr-tj  ■.■:'  ;yr.chro:-.oi:s  apparatus.  In  a 
ie!:-;"ar.;r._-  ^yr.chr'  "■  ■■.:;  ~':-.-.r.  ^:.^"::cr¥  .ire  employed  to  in- 
crei.^.-  ".h-..-  :  .r"::;-j  :  vr  .-.r:'.;  trc  .-.;  j".,;r".::"-::.  .md  :n  synchronous 
c'^r.virr'.-r-  :■.■  ;.  r-.- ■■;.:■-"  ;  ■■.■.jv  -■.'"•.,"■..:  i/r  h;::".t:r.j;  ;rom  becoming 
■jXi'tT;; vv  ■.■.■-■i!v  :t:  -ir:j\-:  r-.i?!.  r:.;^,:::r:i<  ihi"::vr?  provide  a  low 
r-:i\:'.^'..-.     ..       ■■■    -v,;.:.^::cv   ■.-.•:■:    ■  •r   c\i~^:-M  :rJ::o^?d  in   the 

1':.--  :>-■  --  .:.■.-:--.  :  .;::;.  l'  :.-:.;?::-;  ■  itT:::,!!  r:.ic!i:!;e  is  that 
:hv  ~  r:  :  :  ■.:■.-  '..■.:■  ;^t^:;^  ::;■.;-:  :;  ■:  ^h..!Uf  thv  t;;ain  flux  of 
::.v  r.:...'r.::.:  -■  •  '.■  r.,  .;;  :hu  1  ,. .:  ;-  CL::s:,^r:  I::  sinj;le-phase 
.;vr.-r-"  r-  ::  ^rtf'  rt.  v  hir^  :'::-.■  •.•.:'•.:  ■■:  \':x  load  circuit  is 
z-^'.:^^—^  '.'r..;:  -.i.  ■..-.r.,:':  \-  :r.  :v.;,:;::\:>.:t  :t'-:::  o::e  instant  to  the 
r;=:vt    -r:  in  ;■■-:;!■.::.  ■.'.::h  ri?;tc:  :■■  the  exi.-::in^  circuit,  also 

exii".:  'A  sui.h  ■.■,;h.:e  a:  ..h  :r.?:,^r.",;   .l,-  to  [^rodv.ce.  in  combination 
with  the  '.■.k'i  T^.:-:::'  ::.  i--  rr  r-  :    ■■:'  O' ■r,i:,-.rit  v.ilue  and  fixed  in 
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position  with  respect  to  the  main  poles.    This  m.m.f.  is  supplied 
by  currents  which  are  induced  in  the  damper  winding. 

A  complete  discussion  going  into  the  calculation  of  these  cur- 
rents is  not  warranted  in  this  paper,  but  it  may  not  be  out  of 
place  to  give  an  illustration  of  the  underlying  principle  based 
upon  the  well  known  mathematical  theorem  that  two  vectors 
of  equal  value,  rotating  in  opposite  direction  at  equal  angular 


B,  C 


M.M.I".  Dfstrirution  Dili  TO  Lo.M)  Current. 
Vkctok  Components  of  A  of  Opposite  Rot.xtion 
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M.  ivi:  '.t>..«vi,  iti.iv  (iccur  in  the  pole  faces  of  the  machine. 
lUu«  iMtU'i  ^ihciiiiiiii-tuin  explains  the  temperaMire  rise  which 
nKii..  til  |imI> iihiifiu  machines  without  dampers  when  carT>ing 
(iiilMtl>iia't;il  ]iw<is 

'i'Uviu  an  Nome  advantages  in  considering  the  single-phase 
i;t:iniiitiii'  fri'111  the  point  of  view  of  a  polyphase  machine  having 
.lii  unVjitlitncud  Inad,  It  will  be  necessary',  first  of  all,  to  accept 
itit  liillnwiii>;  theorem,  the  mathematical  proof  of  which  is  given 
lit  the  iqipcn'lix  and  a  graphical  proof  in  the  ponion  of  this  paper 
(iLvnlt-it  lo  phii.se  balancing. 

Any  un/ialanceet  ihrte-phase  system  of  currents  or  e.m.f's,  the 
utm  iif  whose  inslartttinf out  values  is  zero,  may  be  resolved  into 
ti.'ii  lomponent  balanced  polyphase  systems,  one  of  ^■hich  luis  the 
\unif  phait  rolalian  as  ihf  unbalanced  system  and  the  other  has 
iippnsiic  phase  rotation. 

The  single-phase  load  may  bt  conKJclered  as  an  unbalanced 
thrff-phasc  load  having  the  following  values 

i,  =  0 
/~  =  / 
/,  =  -/ 

/i,  /;  and  /j  bciny  the  vecfur  values  af  the  lirif  currents  of  the 
thrc-f-phase  system,  and  /  being  the  vector  value  of  the  single- 
phase  load  current.  This  system  of  currents  may  be  resolved  as 
shown  in  vector  diaj;ram  Fi),'.  9,  into  two  bahmced  three- 
phase-  systems  of  currents  of  equal  amplitude,  one  of  which  has 
the  same  phase  rotation  as  the  genernlor  and  the  other  has  op- 
fMisite  phase  rotation. 

The  three-phase  component  of  nonnal  phase  rotation  sets  up 
a  synchronous  rotating  m.m.f.  in  the  main  winding  opposite  to 
the  direction  of  rotation  of  the  main  windin;,-  relative  to  the  dam- 
per windin;.;  and  which  is.  therefore,  stationary  relative  to  the 
latter,  fin  the  other  hand,  the  counter-phase  rotational  com- 
ponent ~ets  uj)  a  synchronous  rotating;  ni.m.l.  which  has  the 
'^avne  direction  nf  rotation  as  that  of  the  main  winding  relative 
to  the  damper  winding's,  and.  therefore,  the  field  set  up  by  it 
cuts  the  latter  at  double  synchronous  sjjeed,  and  induces  in 
them  double  frequency  polyphase  currents,  which  produce  a 
rotatin;;  counter  m.m.f.  approximate  in  value  to  the  m.m.f.  set 
up  by  the  counter-phase  rotational  component  of  current  in  the 
main  winding;  the  degree  of  approximation  being  proportionate 
to  the  closeness  of  magnetic  coupling  between  the  two  windings. 
If  it  were  possible  lu  make  the  magnetic  conijling  perfect,  and 
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set  up  by  the  counter- phase  rotational  component  and,  there- 
fore, the  unbalancing  in  the  terminal  e.m.f.  would  be  due  only 


1334  OILMAN   AND    FORTESCUE:  [Oct.  13 

excessive  losses  may  occur  in  the  pole  faces  of  the  machine. 
This  latter  phenomenon  explains  the  temperature  rise  which 
occurs  in  polyphase  machines  without  dampers  when  carrying 
unbalanced  loads. 

There  are  some  advantages  in  considering  the  single-phase 
generator  from  the  point  of  view  of  a  polyphase  machine  having 
an  unbalanced  load.  It  will  be  necessary,  first  of  all,  to  accept 
the  following  theorem,  the  mathematical  proof  of  which  is  given 
in  the  appendix  and  a  graphical  proof  in  the  portion  of  this  paper 
devoted  to  phase  balancing. 

Any  unbalanced  three-phase  system  of  currents  or  e.m.fSy  the 
sum  of  whose  instantaneous  values  is  zero,  may  be  resolved  into 
two  component  balanced  polyphase  systems,  one  of  which  has  the 
same  phase  rotation  as  the  unbalanced  system  and  the  other  has 
opposite  phase  rotation. 

The  single-phase  load  may  be  considered  as  an  unbalanced 
three-phase  load  having  the  following  values. 

/i  =     0 

/,  =  -/ 

/i,  /j  and  /s  being  the  vector  values  of  the  line  currents  of  the 
three-phase  system,  and  /  being  the  vector  value  of  the  single- 
phase  load  current.  This  system  of  currents  may  be  resolved  as 
shown  in  vector  diagram  Fig.  9,  into  two  balanced  three- 
phase  systems  of  currents  of  equal  amplitude,  one  of  which  has 
the  same  phase  rotation  as  the  generator  and  the  other  has  op- 
posite phase  rotation. 

The  three-phase  component  of  normal  phase  rotation  sets  up 
a  synchronous  rotating  m.m.f.  in  the  main  winding  opposite  to 
the  direction  of  rotation  of  the  main  winding  relative  to  the  dam- 
per winding  and  which  is,  therefore,  stationary  relative  to  the 
latter.  On  the  other  hand,  the  counter-phase  rotational  com- 
ponent sets  up  a  synchronous  rotating  m.m.f.  which  has  the 
same  direction  of  rotation  as  that  of  the  main  winding  relative 
to  the  damper  windings,  and,  therefore,  the  field  set  up  by  it 
cuts  the  latter  at  double  synchronous  speed,  and  induces  in 
them  double  frequency  polyphase  currents,  which  produce  a 
rotating  counter  m.m.f.  approximate  in  value  to  the  m.m.f.  set 
up  by  the  coimter-phase  rotational  component  of  current  in  the 
main  winding;  the  degree  of  approximation  being  proportionate 
to  the  closeness  of  magnetic  coupling  between  the  two  windings. 
If  it  were  possible  to  make  the  magnetic  coupling  perfect,  and 
if  the  damper  resistance  were  zero,  no  magnetic  flux  would  be 
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set  up  by  the  counter-phase  rotational  component  and,  there- 
fore, the  unbalancing  in  the  terminal  e.m.f.  would  be  due  only 
to  the  /  R  drop  in  the  main  windings. 

When  the  dampers  are  perfect,  the  exciting  field  winding  and 
the  pole  faces  will  have  no  currents  induced  in  them,  but  since 
it  is  not  possible  to  obtain  absolute  perfection  in  this  respect, 
a  minute  amount  of  double-frequency  current  will  be  set  up  in 
the  pole  faces  and  exciting  circuit.  In  machines  without  dampers 
such  as  are  commonly  used  for  polyphase  systems,  these  cir- 
cuits, since  they  are  not  symmetrical  polyphase  circuits,  will 
react  on  the  main  windings  in  an  undesirable  manner,  when  the 
machines  are  carrying  unbalanced  loads.  For  example,  a  counter- 
phase  rotational  m.m.f.  induces  in  the  field  winding  a  double- 
frequency  single-phase  current,  the  m.m.f.  set  up  by  which  in 
the  main  field  windings,  may  be  resolved  into  those  due  to  two 
equivalent  balanced  three-phase  systems  of  currents,  one  of 
which  reacts  so  as  to  reduce  the  resultant  m.m.f.  while  the  other 
sets  up  a  rotating  m.m.f.  of  double  synchronous  speed  in  the 
opposite  direction  to  that  of  the  field  relative  to  the  main  wind- 
ings. The  latter,  therefore,  induces  triple-frequency  balanced 
three-phase  ciurents  in  the  main  windings,  of  the  same  phase 
rotation  as  the  fundamental.  These  currents  in  turn  react  on 
the  exciting  circuit  to  set  up  quadruple-frequency  currents, 
which  in  turn  will  react  on  the  main  windings  to  produce  three- 
phase  quintuple-frequency  currents,  and  so  on.  The  result  is 
a  complete  train  of  three-phase  odd  harmonics  of  the  same 
phase  rotation  as  the  fundamental  and  of  diminishing  ampli- 
tude in  the  e.m.f.  of  the  main  winding  of  the  machine.  One  par- 
ticular set  of  these  odd  harmonics,  namely  the  multiples  of  three, 
because  they  are  in  three-phase  relation  in  a  three-phase  system, 
will  produce  unequal  wave  forms  on  the  three  phases. 

From  the  foregoing  analysis  of  a  single-phase  generator,  it 
appears  that  the  single- phase  impedance  is  made  up  of  two  ele- 
ments, namely,  the  effective  impedance  of  the  generator  con- 
sidered as  a  polyphase  machine  to  the  symmetrical  three-phase 
positive  rotational  component  of  the  load,  and  its  effective  im- 
pedance to  the  negative  rotational  component  of  the  load.  The 
former  is  the  impedance  of  the  machine  to  a  symmetrical  poly- 
phase current  of  positive  phase  rotation  (the  positive  rotation 
being  assumed  to  be  that  of  the  generator),  when  the  machine 
is  running  in  the  normal  direction  at  synchronous  speed  with 
zero  excitation.    The  latter  is  the  impedance  of  the  machine  to 
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It  \>  xiuhtlrk'iil  polyphuse  current  of  negative  phase  rotation 
A^kHt  ihv  >i)>(chinu  is  running  in  the  normal  direction  at  syn- 
iitK>«ki'U&  ^ywX  v-'ilh  zero  extilation.  The  former  of  these  quan- 
\t(K,'a  u  Jvppndenl.  in  some  degree,  upon  the  saturation  of  the 
iUU^uvlu'  fiivnit,  bill  corrections  can  be  made  from  the  no-load 
-vtturtUVXi  curves  of  a  machine  for  any  desired  degree  of  ap- 
)t\',\iiimtiiJii.  The  latter  \"alue  is  only  slightly  affected  by  satura- 
linH.  csi  >t;ciiilly  where  the  damper  desi^  is  effective- 

Tlii-  single-phase  impedance  is  the  sum  of  the  two  impedances 
lirlwcen  neutral  point  and  terminals,  obtained  in  the  manner 
ik'SfHbod  in  the  last  paragraph,  combined  as  complex  i]uan- 
lilieS. 

The  effect  of  the  dampers  on  short  circuit  is  not  to  increase 
the  transient  value,  but  to  sustain  it.  Therefore,  the  severity 
of  a  short  circuit  on  a  machine  prv>\-ided  with  dampers  is  not 
increased,  frum  the  magnetic  standpoint,  but  the  action  con- 
tinues for  a  longer  period. 

It  will  be  i>b^-io«s  from  the  i^recediot;  di^ussion  that  the 
single-phase  generator  may  also  be  used  as  3  pohphase  generator, 
if  so  designed,  and  n-ill  be  of  superior  iyj»e  lo  ihe  standard  poly- 
phase machine,  especialh-  where  the  poljphas*  load  is  liabie  to 
be  unbalanced.  When  insiallinj;  single-phase  steam-driven 
genern'.or!.  ihe  possibility  of  usini;  ihcni  as  auxiliaries  for  the 
;x'!y:-i';-.asi'  system  m.-iv  Iv  wnrihy  of  ixmsidenuiLin.  This  would 
be  par::cu;jriy  the  case  if  iJio  jujaks  of  ihe  sin i.-ie- phase  and  poly- 
phiiSL-  systetr.s  tx-inir  ,il  dincren:  i^riods. 
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It  is  evident  that  if  a  motor,  havinj^  balanced  symmetrical 
counter  e.m.f.,  is  connected  to  a  balanced  three-phase  system 
it  will  absorb  balanced  load  from  the  system.  If  all  unbalanced 
loads  were  isolated  and  carried  by  one  generator,  it  is  obvious, 
as  explained  before,  that  the  voltage  of  this  generator  would  be- 
come unbalanced.  For  example,  see  Fig.  4.  The  problem  now 
is  how  to  connect  this  unit  to  the  balanced  system,  without 
permitting  any  of  the  unbalanced  load  to  be  carried  from  the 
main  generator.  It  is  evident  that  by  adjusting  the  excitation 
of  this  generator,  so  that  the  terminal  e.m.f.  of  any  phase,  for 
example  A  B,  is  equal  to  that  of  the  polyphase  system,  and  if, 
in  series  with  the  terminal  C  a  single-phase  booster  be  connected 
giving  an  e.m.f.  equal  to  CD  and  of  the  direction  shown  in  the 


liC.   4 


figure,  a  balanced  xolta^c  trian^'lc  can  l)c  produced  ecjual  to 
that  of  the  main  sx'sleni  and,  if  this  machine  be  i)arallelcd  witli 
the  main  sy.^lcni,  no  rcdistrilnUion  of  load  will  occur.  If  this 
generator  and  booster  were  dri\cn  from  the  same  sliaft,  it  would 
be  possil)le  to  reniox-c  thu  driving  i)owcr  and  the  combined  unit 
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single-phase  load  is  carried  across  terminals  A  C.  and  it  is  readily 
seen  that  if  the  load  should  be  transferred  to  terminals  AB.  or 
BC  the  booster  would  have  to  be  shifted  in  direction  120  deg. 
and  240  deg.  respecti^■ely 

It  is  also  possible  to  start  from  any  other  side  of  the  triangle 
and  by  constructinK  equilateral  triangles  with  these  sides  as 
a  base,  two  other  boosts  are  obtained,  which  can  also  produce 
the  necessary-  balance. 

It  is  e\-ident,  therefore,  that  in  place  of  any  one  of  these  three 
boosts,  such  for  example  as  C  D.  mo  boosts  of  equal  voltage  and 
180  dej;  phase  displacement  can  be  used  if  these  boosters  are 
connected  lo  points  A  and  B  of  the  triangle  See  Fig.  .i  Or 
three  boosters  can  be  used,  one  connected  to  each  comer  of  the 
original  triangle      From  Fii:    i.  it   will  be  seen  that  tiiangies 


".;  s.r.cv  t>'.  ci.'n  St  ruction 
"e>:ieji  )'a:id.4£are 
;■.,:  .- ?.ire  I2itdet;.  apart 
;-.c-^  -.-.i'-e^  be  reversed. 
:>  .Vvr.  :x  e::ip"oyed  to 
r.ev.  N  ;y>s:S'.e  :o  com- 
5:r.;'.t  .-.m-.,-.:-jrt.  which 
-.sn^  :r..-..:v.r.r  except  that 
.  .:.;^ir-  A    -.-.'.■i  Se  60  deg. 


:-,v>s:  5  P  c^r.  be  replaced 
■>r.:-.v.i".e:::  ei^uilaieial  tii- 
.v.r.:  E  X  "ir.e  £  G  be  drawn 
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at  30  deg.  to  the  line  CE,  and  from  point  F  the  Hne  FHhe  drawn 
at  30  deg.,  it  is  apparent  from  the  figure  that  with  B  as  an  apex  a 
series  of  equilateral  triangles  can  be  formed  by  measiuing  equal 
distances  from  points  E  and  F  respectively  along  the  lines  G  E 
and  FH. 

One  case,  which  is  of  particular  interest,  is  when  the  two  boosts 
become  parallel  as  shown  in  Fig.  6.  In  this  case  the  boosts  are 
at  right  angles  to  the  line  D  B  and  this  at  once  suggests  the  pos- 
sibility of  replacing  them  by  a  balanced  three-phase  system  as 
indicated  by  the  triangle  A  IK.  It  has  been  shown  by  the  con- 
struction that  triangle  B IJ  is  equilateral  and  it  is  self  evident 
that  ii  10,  AO  and  X  0  be  combined  successively  with  I  B,I  J 
and  J  B  that  an  equilateral  triangle  would  be  obtained,  as  shown 


Fig.  7. 


hy  OLM,  Fig.  7.  Also,  the  construction  shows  that  A  0,  C  if  and 
L B  drawn  from  points  A,  B  and  C  produce  the  same  triangle. 

It  is  to  be  noted  that  AO,  C  M  and  L  B  are  all  respectively 
equal  to  one-third  of  the  length  B  D.  Also  that  these  three 
boosts  form  a  balanced  three-phase  system,  and  combine  with 
A  B,  B  C  and  Ci4  to  produce  an  equilateral  triangle  with  opposite 
phase  rotations. 

It  has  been  shown  graphically,  step  by  step,  how  any  un- 
balanced triangle  of  voltages  can  be  forced  to  a  balanced  tri- 
angle by  various  combinations  of  single-phase  boosters  using 
one,  two  or  three  boosters  to  accomplish  this  purpose.  The  solu- 
tion shown  in  Fig.  7,  is  the  most  general  for  the  three-phase 
system,  and  can  be  stated  as  follows:  Any  unbalanced  triangle 
of  voltages  in  a  three-phase  system  can  be  replaced  by  two  bal- 
anced systems  of  the  proper  magnitude  and  combined  at  the 
correct  phase  angle.     In  order  to  simplify  matters,  the  graphic 
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demonstration  of  this  fact  has  been  confined  to  the  case  of  the 
three-phase  system.  It  is  shown,  however,  in  the  appendix  to 
this  paper,  that  the  above  solution  of  unbalance  is  perfectly 
general. 

Given  an  unbalanced  triangle,  as  showm  in  Fig.  8,  the  graphic 
solution  is  indicated. 

In  an  extensive  polyphase  system,  it  frequently  happens  that 
while  the  aggregate  single-phase  loads  produce  fairiy  balanced 
polyphase  load  at  the  central  station  bus  bars,  the  voltage  at 
the  ends  of  individual  feeders  may  be  considerably  unbalanced. 
It  is  proved  in  the  appendix  that  an  unbalanced  polyphase 
e.m.f.  can  be  resolved  into  two  balanced  polyphase  e.m.fs.,  one 
of  which  is  of  opposite  phase  rotation  to  that  of  the  system.  If, 
therefore,  at  a  distributing  point,  a  polyphase  booster  be  con- 
nected in  series,  in  the  feeder  lines,  with  phases  in  opposite 
rotation  to  that  of  the  system,  and  if  provision  be  made  for 
changing  the  phase  position  and  magnitude  of  the  booster  e.m.f., 
the  unbalanced  e.m.fs.  at  this  point  may  be  boosted  into  a  bal- 
anced system.  Fig.  10  in  the  appendix,  shows  graphically  how 
to  obtain  the  booster  e.m.f.  required  to  balance  up  a  distorted 
system. 

Means  must  be  provided  to  control  the  voltage  and  phase 
angle  of  the  booster  according  to  the  balancing  requirements. 
This  may  be  accomplished  by  two  specially  arranged  regulators, 
the  arrangement  of  which  will  depend  upon  the  methods  used  to 
adjust  phase  and  voltage  in  the  booster. 

Where  both  current  and  voltage  are  seriously  unbalanced, 
the  auxiliary  apparatus  must  be  such  as  to  supply  the  elements 
necessary  to  produce  balance  in  both  voltage  and  current.  It 
has  already  been  pointed  out  that  when  an  unbalanced  load  is 
supplied  from  a  polyphase  system,  all  the  polyphase  rotating 
machinery  connected  to  the  system  tend  to  keep  the  voltages 
in  balance  and  supply  current  in  such  a  manner  as  to  approach 
a  condition  of  balance  at  the  bus  bars.  The  particular  element 
of  an  unbalanced  load  that  must  be  supplied  in  order  to  maintain 
a  balanced  load  at  the  bus  bars,  is  the  counter-phase  rotational 
symmetrical  polyphase  component  of  the  load. 

The  impedance  of  a  dynamo  electric  machine  to  counter- 
phase  rotational  symmetrical  polyphase  currents  may  be  made 
extremely  low  by  the  addition  of  carefully  designed  polyphase 
dampers  or  squirrel-cage  windings.  If,  in  addition,  auxiliary 
means  be  provided,  externally  or  internally,  to  assist  the  natural 
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action  of  the  machine  as  a  balancer,  its  admittance  to  the  counter- 
phase  rotational  currents  may  be  made  infinite,  so  that  the 
terminal  e.m.f.  of  the  machine  will  be  absolutely  balanced  no 
matter  how  much  counter-rotational  current  it  may  be  called 
upon  to  supply. 

The  ability  of  an  unassisted  dvnamo  electric  machine  to  act 
as  a  balancer  is  measured  by  its  impedance  to  the  counter-phase 
rotational  component  of  the  unbalanced  load.  The  action  of 
such'a  machine,  when  thrown  on  to  an  unbalanced  system,  con- 
sists in  supplying  such  an  amount  of  this  counter-phase  rota- 
tional component  as  will  be  necessary  to  pull  the  system  and 
the  machine  into  the  same  dej^rce  of  unbalance.  The  voltaj^e 
balance  of  the  system  is  thereby  imi)roved  at  the  expense  of  the 
voltage  balance  of  the  machine.  The  voltaKes  that  cause  un- 
balance at  the  machine  terminals  are  the  impedance  drops  due 
to  the  counter-phase  rotational  current  supplied  by  the  machine, 
and  are,  therefore,  counter-phase  rotational  and  symmetrical. 
One  way,  therefore,  for  assisting  the  machine  to  maintain  a 
balance,  is  to  supply  an  equal  and  opposite  counter-phase  rota- 
tional e.m.f.  in  series  with  the  windings  by  means  of  a  booster, 
and  this  will  render  the  eflective  impedance  of  the  machine  to 
these  currents  zero. 

Since  with  varying  degrees  and  pha.scs  of  unbalance  the  im- 
pedance e.m.f.  will  vary  in  degree  and  phase  position,  the  ex- 
ternal source  of  e.m.f.  must  be  provided  with  similar  adjustment 
in  voltage  and  j)hase  position,  and  the  apparatus  provided  to 
control  these  adjustments  must  respond  to  the  variations  of 
unbalance  in  the  i)ro]jer  degree.  The  means  of  adjustment  for 
an  auxiliary  machine  connected  rigidlv  to  the  main  machine  may 
consist  of  two  field  windings  in  quadrature  relation,  connected 
to  sei)aratc  exciters.  This  will  permit  of  adjustment  both  in 
magnitude  and  j)hase  ])osition  of  the  auxiliary  machine  in  respect 
to  the  main  machine. 

The  control  of  tlic  adjustment  of  the  auxiliary  machine,  with 
various  degrees  and  jjhascs  of  unbalancing,  is  not  a  sim]:)le  |.)rob- 
lem,  and  until  it  lias  l^een  satisfactorily  sohed,  a  perfect  phase 
balancer  cannot  he  considered  as  an  accom])lished  fact.  The 
essential  requirements  of  the  regulating  a]j»paratus  are: 

1.  That  it  l)e  extreniel\'  sensitive  to  \'oltage  diflerences. 

2.  That  it  l)e  capable  of  adjustment  so  that  there  will  be  no 
hunting  between  the  control  elements. 

Whether  these  conditions  have  been  obtained  in  any  installa- 
tion of  balancers,  up  to  the  present  time,  is  open  to  question. 


'u\U\i  u»  Uio  neutral  oi  an  out  two  oi  tne  ' 
iiuulimo,  its  terminal  being  connected  to 
icuKunmK  windings  of  the  main  machine, 
u  ise  \k'  connected  to  the  common  point,  and 
oil  I  ho  same  shaft  as  the  main  machine  a: 
means  (uv  changing  voltage  and  phase  with 

Thr  obvious  defect  of  such  a  system  He 
roiitrol.  since  with  changing  phase  of  unb 
tion  of  the  main  machine  must  be  changed 
auxihary  single-phase  booster. 

A  modified  form  of  the  same  scheme  woi 
of  single-phase  machines  of  the  same  phase 
the  neutral  point  and  each  phase  of  the  mai 
plete  set  of  machines  being  capable  of  simu 
ing,  and  each  machine  separately  having  fu 

As  a  corollary  to  the  above,  it  may  be  st* 
of  unbalanced  polyphase  e.m.fs.  may  be  i 
means  of  producing  perfect  phase  balancinj^ 

While  some  of  the  schemes  outlined  above 
phases  of  unbalancing,  offer  a  satisfactory  j 
polyphase  main  machine  combined  with  a 
machine  is  the  simplest  solution  for  the  probl 
cing  and  all  practical  balancers  will  be  base' 

A  convenient  way  of  regarding  the  phas< 
sider  it  as  a  motor  taking  power  symmctri 
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adjust  itself,  the  main  machine  will  feed  into  the  short  circuit 
in  much  the  same  manner  as  any  other  synchronous  machine 
provided  with  dampers.  If  the  auxiliary  had  a  range  sufficient 
to  give  complete  balance  under  short  circuit,  the  full  polyphase 
capacity  of  the  system  would  be  concentrated  in  the  short  cir- 
cuit and  the  phase  balancer  would  necessarily  carry  a  counter- 
phase  rotational  load  of  equal  value.  In  other  words,  the  cur- 
rent delivered  by  a  perfect  balancer  under  short-circuit  condi- 
tion, is  limited  only  by  the  current  that  the  system  on  which  it 
is  operating,  can  deliver  to  a  symmetrical  short  circuit. 

Practically  the  short-circuit  conditions  are  not  so  bad  as  in- 
dicated in  the  above  paragraphs,  because  the  limitation  in  volt- 
age of  the  auxiliary  machine  permits  of  perfect  balancing  only 
up  to  a  certain  point.  The  short-circuit  stresses  in  the  balancer 
will  nevertheless  be  much  more  severe  than  such  as  would  be 
obtained  in  a  generator  or  synchronous  condenser  of  the  same 
size  operating  on  the  system. 

Conclusion 

Where  the  unbalanced  load  fluctuates  between  the  difYerent 
phases  and  is  of  sufficient  magnitude  to  cause  trouble,  a  phase 
balancer  is  clearly  the  proper  solution  of  the  problem. 

When  a  single-phase  load  on  one  ]3hase  is  to  be  supplied,  the 
problem  becomes  one  of  relative  economy  and  reliability  in 
service  of  the  balancer,  as  com|)ared  with  the  single-phase  gener- 
ator. The  main  machine  of  the  bahi4icer  set  must  have  the 
same  polyphase  output  as  the  alternative  single-phase  machine, 
and  must  also  be  provided  with  dampers  of  equal  rating;  but 
it  must  also  be  capable  of  withstanding  the  more  severe  short- 
circuit  conditions  due  to  its  balancing  action.  In  the  balancer 
there  is  very  little  torque  on  the  shaft  and.  therefore,  the  me- 
chanical design  ma\'  be  cheapened  and  the  ()])erating  speed  in- 
creased. It  is  doubtful,  however,  if  the  main  machine  of  the 
balancer  set   can  be  made  much   chea])er  tlian   a   single-pha.se 
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From  an  operating  standpoint,  there  is  much  to  be  said  in 
favor  of  single-phase  generation.  In  the  first  place,  it  is  isolated 
to  a  large  extent,  or,  if  steam  driven,  completely,  from  the  main 
polyphase  system.  This  is  of  distinct  advantage  if  the  single- 
phase  load  is  subject  to  frequent  and  violent  interruptions. 
In  the  second  place,  the  short-circuit  condition  resulting  from 
the  use  of  the  single-phase  machine  will  be,  in  general,  much 
less  severe  and,  therefore,  less  apt  to  cause  trouble  and  prolonged 
interruptions  in  service,  than  when  a  balancer  is  used. 

From  the  point  of  view  of  economy  of  operation,  there  is  little 
to  be  said  in  favor  of  one  over  the  other;  the  balance  is  probably 
in  favor  of  the  phase  balancer  when  compared  with  the  motor- 
generator  set,  and  in  favor  of  the  generator  when  it  is  steam 

driven. 

APPENDIX 

An  unbalanced  three-phase  system,  in  which  the  sum  of  the 
instantaneous  values  of  the  elements  is  zero,  can  be  resolved  into 
two  balanced  systems  of  positive  and  negative  phase  rotation. 

In  a  three-phase  system  let  the  positive  and  negative  phase 
rotational  systems  be, — 

El  =  El  E\    =  £i' 

£2  =  coEi  £2'  =  w^  El 

£3  =  co2£i  £3'  =  co£/ 

Where  co  is  one  of  the  imaginary  cube  roots  of  unity.  Then 
if  £a,  Eb  and  Ec  be  the  unbalanced  e.m.f.  such  that, — 

£•  =  £1  +  £/ 
Eb  =  £2  +  £2 
£c  =  £3  +  £3' 

With  the  condition,  Ea  +  Eb  +  Ec  =  0,  this  set  of  equations 
is  determinate  and  the  symmetrical  solutions  for  the  balanced 
components  are  as  follows, — 

^        Ea  +  o)^Eb  +  wEc            ^        Eb  +  o)^  Ec  +  u)  Ea 
J^\  =  ;; I  -^2  =   7{ 


„        Ec  +  oi^  Ec  +  o)  Eb 

^3  =    7i 


„  ,       £a  +  CO  £^  +  co2  £c  „  ,      Eb  +  o)  Ec  +  o)'' Ea 

£Li     =    Ti I  ^2    =     7i 


£:/    = 


3 

Ec  +  (jj  Ea  +  0)^  Eb 
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Applying  these  to  a  single-phase  load  on  a  three-phase  system, 
if  /i  be  the  value  of  the  current. 

la  =  0 

/6  =  /o 

/c  =  -  /o 
and,  therefore. 


il    -    -  J    -7=.    /2    =      ^ /O.    /3    -  g 


/o 


3  +  .;•  v^3    , 
6         '" 


I.'- 


Fig.  9. — Single-Phase  Load  on  Phases  M,  B  and  C  Respectively 
Resolved  into  Two  Balanced  Three-Phase  Components  of 
Positive  and  Negative  Phase  Rotation. 


Fig.  9  shows  in  a  vector  diajj;ram  the  positive  and  negative 
phase  rotational  components  of  a  single-phase  load  of  equal 
magnitude  and  power  factor  on  each  phase  of  a  three-phase 
system.  The  component  of  the  same  phase  rotation  as  the  system 
remains  constant,  while  the  counter-phase  rotational  component 
changes  in  phase  through  120  deg.  with  each  change  in  load 
position. 

The  formulas  given  above,  may  be  interpreted  as  follows: 

The  negative  phase  rotational  system  is  the  mean  of  the  three 
symmetrical  systems  obtained  by  taking  each  of  the  e.m.fs. 
Eay  Eb  and  Ec  of  the  original  system  and  considering  it  as  a 
member  of  a  balanced  system.    This  results  in  the  three  systems: 
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(2) 


•^  -  «  fcV 


.  «\  Iitrh  Chv  iiexative  phase  rotational  component  is  obtained 
■.»  i.ii^ii»K  Ihx-  mean  of  the  three  quantities  in  the  three  groups 
.u  Ml*;  iht-  ^ime  sub-letter. 

Smiiliulv  iht'  positive  phase  rotational  component  is  obtained 
'\  l.lkLll^;  llii;  mean  of  three  symmetrical  svstems  of  positive 
ul.iiu'ii,  ti)rnit.-<]  from  ihe  elements  £„,  £»  and  E,  of  the  unbal- 
Uivil  systems.     These  are  as  follows: 

K.    '  E. 


/■;.: 

,  -  <j£. 

^ 

/v. 

,  =  w-  /■:„ 

J 

/■:. 

-  & 

1 

/■;, 

1  =  w  £t 

f 

/■;., 

,  -  u'  & 

/•:, 

-  fi. 

1 

/■;. 

3  =   w  £, 

J 

/■:., 

,  -  oJ=  £ , 

1 

Thcii.  a^  liclore,  (.-ac-h  ultiTK-ni  of  Uif  component  of  positive 
pha^c-  rolutioii  is  obtained  b>'  taking;  out  of  each  siruup  the  ele- 
mviits  having'  the  same  sub-lotlc-r  and  tindinj;  their  mean  value. 
Fit;.  1"  illustrates  the  >;raphical  construction  required  to  carry 
e.ul  the  o|>eralions  indieated  above.  Tiie  triangle  .1.  B  and  C 
rei^resents  llie  uiibaianeed  polyijhuse  system  which  may  also 
be  represented  by  the  vectors  OA.  OB  and  OC  drawn  from  the 
eentroid  0  of  the  triangle  A.  B  and  C.  Two  circles  are  described 
with  0  as  center,  namely  A  C\  Ct  having  0  A  as  radius,  and 
B  Ci  L\  having  0  B  as  radius.     In  the  circle  .4  C\  Cj,  0  C  is  taken 
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symmetrical  system  based  on  0-4,  having  negative  phase  rota- 
tion. In  the  circle  B  C,  C.  0  d  lags  120  deg.  behind  OS  and, 
therefore,  corresponds  to  the  vector  0  C  in  the  symmetrical 
system  of  negative  phase  rotation  based  on  OB.  The  corres- 
ponding vector  0  3  of  the  symmetrical  negative  phase  rotational 
component  is  the  mean  between  the  vectors  0  C,  0  C\  and  0  d 
and  is  obtained  by  drawing  a  line  from  0  to  the  centroid  of  the 
triangle  0  Ci  Ct  that  is  03.  By  describing  a  circle  with  radius 
0  3  and  center  0,  and  taking  points  1  and  2  respectively  120  deg. 
and  240  deg.  lagging  behind  3,  the  complete  symmetrical  nega- 
tive phase  rotational  component  1,  2,  and  3  is  obtained. 


The  positive  phase  rotational  component  is  obtained  in  a 
similar  manner.  0  Ci  and  0  Ci  having  their  vectors  corresponding 
to  0  C  in  symmetrical  positive  phase  rotational  systems  based 
on  OA  and  OB  respectively.  The  vector 03' of  the  positive 
phase  rotational  system  corresponding  to  03'  in  the  negative 
phase  rotational  system  is  the  mean  of  the  vector  O  C.  0  d  and 
0  Ci  and  is  obtained  by  drawing  a  line  from  0  to  0  3'.  where  0  3'  is 
the  centroid  of  the  triangle  C  Cs  C,.  The  triangle  representing 
the  symmetrical  positive  phase  rotational  component  is  obtained 
by  drawing  the  circle  12  3  with  O  as  center  and  03' as  radius, 
the  points  1  and  2  being  taken  respectively  120  deg.  and  240  deg. 
in  advance  of  3. 


^ 
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DisrcsBioN  ON  "Single-Phase  Power  ProdC'Ttion"    (Ai.ex- 

ANDHKSON  AND  HiLL).  SiNGLE-PhASE  PoWER  SeRVICE  FroM 

Central  Stations  (Gilman  and  Fortesci'r),  Philadhl- 
I'MIA,    Pa,.   Ot-TOBER    13.    191G, 

R.  E.  Doherty:  I  have  some  facts  resardinK  the  relative  cost 
and  eRidenty  of  the  different  types  pf  inachines,  which  may  be 
hc-ljjful  in  crystallizing  ideas  regarding  what  may  be  the  most 
prai-tical  machine  for  this  purpose. 

The  relative  merits  of  different  kinds  of  machines  for  the  gener- 
ation of  single-phase  power  have  been  discussed  in  the  several 
papers  in  terms  of  expediency  and,  in  a  general  way,  of  cost  and 
economy,  A  decision  on  what  is  the  most  practicable  means  of 
generating  this  power  can  be  brought  within  more  definite  lines 
by  supplementing  that  discussion  with  a  comparison  of  relative 
costs  and  efficiencies  for  a  particular  proposed  installation. 

The  single-phase  requirements  which  have  been  chosen  as  a 
basis  for  this  comparison  represent  the  ci'nditions  for  which 
operating  companies  find  it  necessary  t'l  r.  -.■.' :  -■". 'i.-iLipparatus, 
namely,  a  single-jihase  railroad  load,  in  ! ,  m  which 

the  peaks  arc  large  compared  with  li  rl  and  also 

large  compared  with  the  three-phase  ;;L;;t:,i;.;;^  i,ijj;i.iLy, 

The  following  comparison  is  made  for  a  load  requirement  of 
5000  kw.,  unity  power  factor,  continuously:  five-minute  peaks  of 
12,000  kw..  unity  power  factor.  The  machines  are  compared  in 
two  different  ivays: 

1.  Relative  costs  and  capacities  of  the  same  frame  (same 
magnetic  dimensions)  equipped  in  different  cases  as  a  phase  con- 
verier,  single-phase  generator  and  three-phase  synchronous 
motor,  assuming  in  each  instance  that  the  overload  will  be  2.4 
times  the  nonnal  capacitv. 

This  is  shown  in  Table  I. 

2.  Relative  costs  and  losses  of  a  |)hasc-convertcr  set.  a  motor- 
gcncriitnrscl,  and  a  steam-turbo  single-phase  generator.  In  each 
case  tlic  set  is  to  meet  the  above  sjiecificalions  of  oOOO  kw.,  con- 
tin  iimsh-,  ami  12,01)^  kw,.  live  miruites.  This  comparison  is 
shown  in  TiLhle  II. 
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In  Table  II  the  exciter  capacity  for  all  machines  is  included  in 
the  cost;  and  in  case  of  the  phase  converter  one  additional  volt- 
age regulator  is  included. 

As  regards  the  factors  of  efficiency  and  cost,  therefore,  the 
figiu'es  in  Table  II  are  very  much  in  favor  of  the  phase  converter, 
as  compared  with  a  motor-generator  set.  A  complete  compari- 
son with  a  single-phase  generator,  including  the  losses  and  costs 
of  the  apparatus  which  supplies  the  motor-generator  or  the  phase 
converter,  depends  of  course  upon  local  conditions.  But  the 
figures  in  Table  II  give  a  basis  for  such  a  comparison. 

Where  load  is  taken  off  different  phases,  the  shunt  phase-con- 
verter set,  of  course,  must  be  used.  If  the  load  is  taken  from  one 
phase  only,  and  the  power  factor  is  not  low  enough  to  seriously 
affect  the  voltage  regulation,  the  series  converter  seems  to  be  the 
more  promising. 

The  regulation  of  a  series  converter  for  the  normal  and  over- 
load capacities  as  assumed  in  the  above  comparison  would  be 
about  IJ^  per  cent  for  full  load,  53^2  P^r  cent  for  2.4  times 
full  load. 

If  it  becomes  general  practise  to  correct  the  power  factor  of 
the  single-phase  load  from  an  outside  source,  as  indicated  in  Mr. 
Eglin's  paper,  the  usefulness  of  the  series  converter  will  be  greatly 
enlarged. 

H.  G.  Reist:  The  problem  of  obtaining  single-phase  current 
of  large  quantity,  has  been  with  us  for  a  long  time.  It  has  not 
been  found  entirely  satisfactory  to  take  varying  single-phase  loads 
from  three-phase  generators  or  from  single-phase  generators. 

If  single-phase  current  is  taken,  for  instance,  from  a  three- 
phase  system,  it  unbalances  that  system.  The  unbalancing 
cannot  be  prevented  by  compensating  windings  on  the  pole 
pieces.  If  it  is  a  fluctuating  single-phase  load,  it  will  cause  fluc- 
tuations in  the  polyphase  circuits,  and  will  interfere  with  any 
lights  that  might  be  on  the  system.  It  also  interferes  with  motors 
in  causing  them  to  operate  less  efficiently  and  at  a  lower  output. 
In  general,  it  is  not  satisfactory,  provided  the  power  is  sold, 
although  in  some  cases  it  might  be  tolerated  if  the  maker  of  the 
power  used  it  himself.  It  would  seem  then,  that  heretofore,  the 
only  way  of  satisfactorily  obtaining  single-phase  power  was  from 
single-phase  generators.  This,  when  it  is  produced  by  a  power 
company,  involves  a  separate  system  not  tied  in  with  the  regular 
power  producing  apparatus.  With  a  pulsating  load,  such  as  has 
been  discussed,  it  means  that  the  generating  set  is  only  lightly 
loaded  much  of  the  time  and,  therefore,  must  be  very  wasteful. 

Most  of  the  power  now  is  obtained  from  steam  turbines,  and 
the  generator  problem  is  quite  a  serious  one  in  these  units,  es- 
pecially as  we  get  to  larger  sizes. 

It  is  well  known  that  a  single-phase  generator  has  to  be  about 
50  per  cent  larger  than  the  corres]3onding  three-phase  generator 
for  the  same  power  factor;  that  the  power  factor  required  from 
single-phase  generators  is  usually  about  70  per  cent,  being  much 
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lower  than  is  demanded  from  three-phase  generators;  and  that 
the  necessary  addition  of  a  squirrel-cage  winding  requires  the 
turbine  generator  field  structure  to  be  about  double  the  size 
necessary  for  a  standard  three-phase  generator. 

In  a  turbine  generator  the  largest  losses  are  usually  due  to 
windage,  and  these  are  very  greatly  increased  by  enlarging  the 
field   over  what   will  be  necessary  for  generating  three-phase 
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be  of  the  same  cost  in  smaller  sizes,  I  did  not  mean 
that  the  motor  generator  should  be  preferred. 

I  thoroughly  agree  with  Mr.  Eglin  that  the  mot 
should  be  in  the  discard,  except  for  small  applications 
the  load  is  taken  off  of  one  phase.  Even  in  this  ca 
possible  to  use,  what  Mr.  Alexanderson  calls  the  seri< 
at  less  cost  and  lower  losses. 

Mr.  Torchio  said  that  he  had  stated  clearly  in  h 
reason  why  it  was  decided  not  to  tie  in  the  single-pl 
system  and  its  generating  system,  with  the  25-cycl 
generating  system  of  the  New  York  Edison. 

I  can  appreciate  that  the  problem  of  division  o 
serious  one,  but  I  merely  wish  to  point  out  that  it 
engineering  possibility  to  put  in  a  balancer;  and  I 
the  division  of  load  could  be  taken  care  of  by  the  ad 
the  governors;  certainly  they  would  have  to  put  i 
regulator,  as  Mr.  Torchio  states,  but  even  if  the  peal 
taken  in  a  larger  proportion  by  the  larger  station, 
was  taken  care  of  by  voltage  regulators,  it  would  n( 
be  a  very  serious  matter. 

Here  in  Philadelphia  they  are  operating  now  witl 
of  some  20,000  kv-a.  single-phase  on  a  system  of  less 
kw. 

That  is  to  say,  they  were  running  this  afternoon 
tors,  totaling  less  than  50,000  kilowatts. 

There  were  peak  loads  of  nearly  20.000  kw.  single-p 
on,  and  the  voltage  regulation  was  good,  so  that  it  w 
^  possible  on  a  larger  system  to  do  the  same. 

j  In  the  matter  of  synchronous  condensers  Prof.  Scot 

were  inclined  to  recommend  making  the  generators  ' 
ing  them  capable  of  taking  care  of  the  poor  i)0wer 

Personally  I  am  a  strong  advocate  of  the  synch 

denser.       I  do  not  think  that  the  central  station  ]) 

'  them,  have  given  the  matter  sufficiently  close  stud^ 

j  it  has  been  studied  a  great  deal,  but  I  do  not  belie 

fully  realized  that  the  line  losses  at  70  jjcr  cent  pow( 
\  double  the  losses  at  a  100  per  cent,  and  at  60  per  c€ 

[  three  times.     Very  frequently  it    can   be   worked   o 

j  saving   in   line   losses   alone  will    justify    the    instal 

*  synchronous  condenser. 

The  investment  in  cable  should  be  taken  into  accoi 
investment  in  the  cost  of  the  generator. 

A  synchronous  condenser,  it  must  be  rememb( 
cheapest  kind  of  synchronous  machinery;  that  is,  it  c 
at  a  selected  speed,  so  as  to  have  the  lowest  cost  j: 
Furthermore,  it  can  be  made  to  operate  without  atte: 

I  do  not  see,  because  a  piece  of  apparatus  rotates,  w 
require  an  attendant  any  more  than  a  transformer 

Automatic  apparatus  for  converters  and  conden 
coming  into  use,  and  I  believe  will  be  more  widely 
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ExPLANiiT'iiW  w  nts  Action  op  the  Phase  Converter 
In  <inl<T  I0  l«Jjinoc  llw  single-phase  load  and  distribute  it 
eqoallv  on  the  thnx  phases  of  the  generator,  the  three  currents 
(rf  ihc  mnt'DiUM-  must  Iw  made  equal  and  each  current  will  be  1 
^v-ided  b\*  1  '^  "r  .W  I»it  I'ent  of  the  single-phase  load  current. 
DesicnflliiiK  ihc  sinnle-phasc  load  currents  as  A  and  B  (see 
Pir.  1)  the  cunx-nl  A  is  composed  of  two  components,  A^  com- 
me  from  the  G"iK'rator  equal  to  58  per  cent  of  A  and  30  deg.  out 


1     1 

• 

.^ 

"x 

P^JS, 

^ 

t\ 
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i)f  pli;iM-  wilh  .1 ,  is  the  known  component.  Bv  f;raphical  solution 
(sLC  I'iK  I)  tlic  Mthi.T  comiioneiu  of  current  A.  which  we  will 
<lcsi;.;nate  as  .•!:■,  coinin;.' from  the  iihnseconverlor  is  equal  to.4  i.  30 
deforces  nut  of  jdiasc  with  A  and  (>()  deforces  out  of  phase  with  A  i 
In    other    words,    ,1    is   cc)mposed  of  two  components  combined 
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B  is  composed  of  two  components  each  58  per  cent 
degrees  from  B  in  phase  relation,  Bi  coming  from  t 
being  60  degrees  from  Bo  which  comes  from  the  phaj 
Completing  the  vector  diagram  of  currents  on  tl 
since  the  currents  are  balanced  and  120  degrees  ap 
that  the  third  phase  of  generator  current  is  Ci,  as  si 
1.  This  same  current  Ci  flows  into  the  phase  co 
since  the  generator  current  is  an  outgoing  current  c 
with  the  voltage  (at  100  per  cent  power  factor)  and 
Co  flowing  into  the  phase  converter  is  a  synchn 
current,  Co  when  represented  on  a  vector  diagram 
degrees  from  Ci  and  at  100  per  cent  power  factor  \^ 
degrees  from  the  bus  voltage  like  any  other  synchr 
current. 

By  combining  the  three  vector  currents,  A  2,  B2  at 
tain  the  vector  diagram  of  currents  in  the  ])hase  cc 
find  that  these  currents  in  order  to  balance  a  gi\en 
load  are  equal  to  the  currents  in  the  generator.  Th 
like  any  synchronous  motor  current  is  180  degrees  < 
with  the  generator  current,  but  the  currents  Ao  anc 
60  degrees  out  of  phase  with  A\  and  Bi  and  on  the 
gram  it  is  seen  that  the  phase  rotation  is  in  oj)positc 
that  of  the  generator,  whereas  in  the  vxctor  diagrar 
chronous  motor  the  currents  are  all  180  deg.  out  of 
the  generator  currents  and  the  p^-'ase  rotation  Is  t^  e 
the  generator.  In  the  phase  converter  the  voltage 
machine  is  in  the  same  phase  rotation  as  the  gener 
but  on  account  of  the  voltage  distortion  produced  by 
balancer  the  currents  in  the  i)hase  converter  are  in  ojj 
rotation  to  those  in  the  generator. 

The  unbalancing  of  currents  in  the  generator  ] 
single-phase  load  is  acconii)anied  l)y  a  distortion  of 
triangle  and  in  order  to  bring  the  currents  in  the  gei 
into  balance  we  must  ])roduce  internal  voltages  in  t 
of  the  phase  con\'erters  of  such  magnitude  and  phi 
as  will  [produce  the  currents  necessary  to  combine  \ 
anced  generator  currents  to  sui)|)ly  the  single-phase  \( 
vSince  the  currents  in  the  i)hase  converter  to  acco 
balancing  must  be  in  ()i)j)osite  j)hase  rotation  to  t 
generator,  \vl  ile  ti  e  11  ain  counter  e.m.f.  ]  ro.lnce  1  i 
con\  erter  is  in  |  h:ise  witli  the  generator  \ollaj.;e,  ti  c 
opi  osite  1)1  as^'  rotation  to  the  generator  currents  a 
by  introducing  in  the  V  connection  of  the  i)}uise 
i  smaller    three-j)lKise    machine    mounted  on    the  sani 

!  driven   b>'   the   j)hase  conx'crter.        This   machine    is 

I  as  the  voltage  l>alancer  and  is  so  connected  as  to  lu 

phase  rotation  to  the  ])}  ase  converter. 
I  The  revolving  held  of  this  machine  is  not  a  defini 

)  struction  but  consists  of  a  laminated  structure  con 

}  in  which  there  are  two  field    windings   at    right   ang 
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H    f\.  iiut<  %-»».*  '•'^r^v  ,»jL  "i  «-'.  -^  positive  direction  a  three-phase 
V^'iN  x:c{Vv;;tvvv  .s:  .xnv^ie  phase  rotation  to  that  in  the 
'^^  f  riti    ^ttM  •■'  -*  >vt'wun  phase  relation  to  it  depending  on  the 

■^'  ■  siatv^r  v^:  :N*  vv>]iage  balancer  is  mounted  in  a  cradle  so 
-  -  •  ii  ciln  N*  rl\^\!  t:i  ditferent  angtdar  positions  w4th  respect  to 
'-'*  •,r.sinoii\>r  :he  stator  of  the  phase  converter. 

'^*  txvMMi'^v:  *^'^'  ^^^'^^^  -  only,  three-phase  currents  will  be  pro- 
■  ■'-(]  will:  a  rhaso  relation  of  90  de^.  to  those  produced  by  field 

.nh       I'^H^lvis  I  and  2  may  be  reversed  thus  ])roducing  phase 

^•'  Moiiv  ISO  iio.c.  from  the  two  former  positions  and  by  exciting 

'■  yy]  2  ai   :lio  same  time  and  to  the  same  magnitude  the  inter- 


i'l(..     "2-      \'ni    I   \(.l,     RllXllONS    IN     \'()l.l\<.l-.     I^M.WCKK 

AND     I'HA^l-.     (N)N\i;iM  I- N 


'  'i'i 


Ii.iU'  It )ri  \ -(i\  ('  (K'L'.rc'L-  i)( i>ii i( )ns  are'  jjrodiiced.  B\'  exciting 
1  .iii'i  '2  :ii  ilu'  Nanu-  linu-.  lait  with  (lilTcrciit  iiiai^iiiliKlcs,  the 
\  oh  a,LM-  <  >!  I  lie  ha  la  Deer  i]ia\'  Ik*  made  to  assinnr  an\'  desired  ])liasc 


.  K 
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fields  in  the  voltage  balancer  we  can  produce  a  voltage 
opposite  to  that  produced  by  the  single-phase  load  ar 
cause  currents  to  flow  which  will  balance  the  single-] 
in  the  generator.  It  is  possible,  for  instance,  to  set 
that  when  used  alone  it  will  produce  a  voltage  dist 
opposite  in  direction  to  CO  and  field  2  so  that  when 
it  would  produce  a  voltage  distortion  CT  opposite  it 
to  CO2,  the  combination  of  these  two  fields  would  obvi 
duce  a  voltage  distortion  CV  opposite  to  COi.  Tl 
would  compensate  for  single-phase  load  at  100  i)er  c 
factor  and  bring  the  voltage  triangle  back  to  norm 
would  compensate  for  single-phase  load  at  zero  ])owcr 
a  combination  of  the  two  fields  in  equal  magnitude  w 
pensate  for  single-phase  load  at  70  deg.  power  factor 
lag  when  this  load  is  applied  on  phase  AB.  For  any  ol 
factor  the  two  fields  could  be  used  in  different  propor 

It  is  assumed  in  the  above  case  that  the  voltage  of 
^J5  is  controlled  and  held  constant  by  the  generator 
so  that,  the  vsingle-phase  load  does  not  affect  the  volt. 

It  will  be  noted  that  when  unity  power-factor  si 
load  is  thrown  on  and  the  voltage  triangle  tends  to  a 
shape  AOB,  that  the  voltage  A  C  is  increased  and  the  v 
is  decreased.  For  lower  power  factors  both  voltages  1 
creased.  Therefore,  if  a  voltage  regulator  is  conncc 
phase  AC  and  made  to  regulate  field  1  and  another  r 
connected  across  phase  EC  and  made  to  regulate  fiel 
regulators  will  so  control  the  fields  as  to  maintain  th 
A  C  and  BC  constant  and  in  so  doing  currents  of  the  pn 
relation  and  magnitude  to  balance  the  single-phase  loa 
duced  in  the  windings  of  the  ])hase  converter,  thes 
being  made  to  flow  by  the  internal  voltages  generated  i 
age  balancer,  which  overcomes  the  impedance  in  ihc 
of  the  i)hase  converter. 

When  the  single-j)hase  load  is  thrown  on  j)hases  AC 
voltage  triangle  is  again  distorted,  point  C  moving  in 
direction  but  regulators  which  arc  arranged  to  reverse 
when  necessary  will  so  control  the  fields  as  to  deliver 
balancing  currents  no  matter  what  direction  thr  |)oir 
to  move. 

In  the  main  macliinc  or  phase  cr)n\'erter  an  action 
the  squirrel-cage  winding  which  ma\'  be  explained  as 
power  from  the  phase  C  and  delix'cry  to  the  phases  A 

In  actual  practise  the  currenis  flowing  to  the  con^ 
be  slightly  unbalanced  on  account  o(  the  losses  in  th( 
but  the  generator  currents  will  be  balanced. 

R.  E.  Oilman:  It  is  the  single-[)hase  load,  superir 
a  polyphase  system  which  causes  voltage  unbalance. 

It  must  remembered  that  all  the  machines  on  the  ^ 
in  parallel  and  consequently  the  voltage  unbalance  is  c 
all.     This  distortion  is  due  to  imequal  impedance  dn 
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various  phases  nf  anv  machine.  These  drops  are  necessarily  the 
saine  in  corresponding  jihases  of  ;ill  machines.  That  is  the  phase 
anil  maETiiturie  are  equal  for  corresponding  phases.  The  cur- 
rents therefore  are  inversely  in  proportion  to  the  impedance  of 
the  machine.  To  force  any  machine  lo  assume  ail  the  unbalanced 
load,  all  that  is  necessary  is  to  reduce  the  equivalent  impedance 
of  that  machine  to  zero.  This  can  be  done  by  introducing  one 
or  more  voltages  of  the  ))ropcr  phase  and  magnitude  to  neutral- 
ize the  inherent  impedance  drop  of  the  machine. 

The  shunt  phase  balance  as  described  is  a  particular  solution 
of  the  problem  based  on  iulroducing  a  voltage  in  series  vrith 
each  pha.se  of  the  machine  which  is  to  assume  the  unbalanced 
load.  These  boosting  voltages  are  all  equal  and  make  up  a  poly- 
pliase  system  with  ojiposite  phase  rotation  to  that  of  the.  main 
unit. 

W.  C.  L.  Eglin:  At  a  Chicago  meeting  some  years  ago  Dr. 
Sicinmci^  ]>rcscntcd  a  pai]er  on  "The  Reliability  of  Power  Cora- 
pi  in\  '-^.  i\  I.  ,■"  .!';.l  ;  ..in;,  .1  ..ii;  ', ,  ry  clearly  that  the  standard 
for  i   ;  iIl'  d-c,  distribution,  and  that 

wii  h  I  i!  .    ■       .licrnating  current  we  had  to 

gtj  1  .11  i:  ■..  il.i  11  [.],  ■!..■  il.:!<i  ■  i.ii.l  down  by  Mr.  Edison  for 
saii.'ifaclory  general  power  dibiriliulitm. 

He  also  pointed  out  very  clearly  that  if  the  proper  study  of  the 
power  companies'  requirements,  and  the  consumers'  requirements 
was  made.  Lhcrc  wa.s  no  reason  why  a-c.  systems  could  not 
follow  alon^'  the  lines  laid  down  by  Mr,  Edison  and  be  equally 
as  reliable.  The  particular  feature  emphasized  was  the  proper 
use  of  reactances. 

As  h;is  been  brought  out  by  Mr.  Oilman,  the  main  difficulties 
are  in  prodiicing  a  satisfactory  pha.se  converter  or  phase  balancer. 
All  that  he  says  is  true,  and  all  of  these  difficulties  have  been 
overcome  by  Nir.  Alexandersnn  and  his  as.sistanls. 

Whatever  )>hase  the  unbalance  comes  on,  it  is  automatically 
taken  care  of.  The  dansers  of  a  heavy  short  circuit  have  been 
taken  care  of  in  the  two  ways;  first,  by  the  limiting;  of  the  re- 
actances nn  ihc  feeders;  and  second,  by  the  limitations  put  on 
ii  iherc  is  a  Hmiiing  load  which  can  come  on 


■  ph 
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irk  there  is  one  olhcr  feature  to  be  considered  and 
lliai  is  ilic  correction  for  |)ower  factor.  As  has  been  pointed  out. 
very  serious  losses  arc  involved  in  the  transmission  system  with 

With  large  lo.uls  il  is  essentia!  in  my  judgment  that  they  must 
only  be  eon.sidercd  >m  ibc  basis  of  unity  jxiwer  factor.  All  of  the 
|)roblems  ilien,  itioluding  tlie  balancing  i)roblem  are  infinitely 
easier.  The  eorrcclii>ns  for  power  factor  should  be  pan  of  the 
eqiii]iiiicni. 

I  think  Mr.  Rcisl  has  very  clearly  shown  that  in  the  large 
size  generators  the  complications  in  building  are  bad  enough  now 
without  adding  to  the  size,  to  take  care  of  something  that  can 
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I  was  asked  to  state  something  on  what  it  costs 
single-phase  power. 

It  is  very  difficult  to  answer  that  exactly.  We  detei 
that  we  would  work  for  the  power  house  to  be  the  mo; 
cal  that  could  be  built.  That  necessitated  that  W' 
standard  of  power  factor.  From  our  studies  of  the 
correcting  poor  power  factors,  we  were  convinced  thai 
put  in  sufficient  synchronous  apparatus  to  obtain  ii 
factor. 

In  a  power  station  the  load  is  not  fixed,  it  rs  consta 
ing  from  year  to  year,  and  an  inductive  load  added 
the  different  character  of  customer's  loads,  so  that  you 
that  your  power  factor  will  be  80,  90  or  95;  it  may  L 
year,  and  greater  or  less  the  next  year. 

That  made  us  desire  at  first  that  the  generator  be  d 
unity  power  factor,  and  that  it  have  no  dampers  for 
that  dampers  add,  as  has  been  explained,  first  to  the 
machine,  and  secondly  to  its  first  cost.  We  would  t 
the  unbalancing  of  load  in  some  other  way. 

All  of  the  methods  that  were  described  here  wer 
discussed  and  analyzed,  as  far  as  our  conditions  were 
and  we  determined  on  the  phase  balancer.  Naturally 
skeptics,  some  fears  as  to  what  we  could  accomplish 
as  we  were  depending  largely  on  automatic  devio 
come  some  of  the  difficulties. 

A  number  of  people  have  .seen  this  machine  in  ope 
it  has  fulfilled  every  condition  that  has  been  expect* 
fact,  I  think  it  works  a  little  better  than  most  of  us  ( 

I  was  asked  also  what  was  the  biggest  single-i)has 
we  would  have  to  carrv. 

The  principal  single-phase  load,  in  fact  the  entire  s 
load  that  we  have  today,  is  for  electric  railroad  o])e 

We  endeavored  naturally  to  have  the  various  .sect 
single-phase  load  distributed  over  the  three  i)hascs 
bars,  and  our  contracts  provide  for  the  sale  of  three-j^l 
That  is  very  difficult,  es])ecially  in  the  starting  uf 
The  railroad  starts  with  one  division  which  can  be  ] 
phase,  another  division  niv-iy  he  ])ut  on  the  second  \)\ 
third  division  may  be  put  on  the  third  phase;  so  Xhi. 
certain  amount  of  fixed  balance  under  these  conditior 

The  operation  of  a  railroad,  however,  or  any  other 
5000-kw.  electric  furnaces,  is  not  continuous;  it  may  l)e 
You  may  ha\'e  three  r)00()-kw.  furnaces,  and  if  one  is 
you  have  a  condition  of  unbalance,  so  that  tlie  jjhase  1); 
has  to  be  the  size  of  the  largest  single-phase  load  that  yo 
to  supply.  That,  in  this  case  is  the  heaviest  division 
road,  to  which  we  have  supplied  I  think  about  30,000  '. 
phase  balancer,  of  counse,  as  has  been  pointed  out  1 
not  have  to  carry  all  of  that  unbalanced  load  because  ( 
synchronous  apparatus  that  is  on  the  l)us-l>ar  system,  ; 
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This  load  is  corrected  for  very  nearly  unity  power  factor,  and 
the  synchronous  condensers  are  installed  in  a  sub-station  about 
,  midway  of  the  electrification,  so  as  to  ^et  the  real  advantage  of 
the  correction  of  the  power  factor,  reducing  the  line  losses  and 
maintaining  the  uniform  voltage  on  the  lines.  The  synchronous 
condenser  in  this  case  has  a  double  purpose. 

There  is  another  point  that  has  come  up,  and  that  is  a  question 
of  frequency.  There  have  never  been  any  real  standards  of  fre- 
quency established.  I  do  not  think  any  two  standards  can  ever 
be  called  a  standard.  We  have  had  the  so-called  25-cycle  and 
(){)-cycle  systems.  I  should  very  much  like  to  see  the  Institute, 
through  its  Standards  Committee,  take  up  and  solve  for  the  in- 
dustry at  large,  the  question  of  the  American  standard  frequency ; 
and  I  think  that  will  do  more  to  help  the  development  in  every 
way,  both  in  the  use  and  sale  of  power  and  apparatus,  than  prob- 
ably anything  else  that  the  Institute  can  do. 

B.  A.  Behrend:  Mr.  Eglin  suggested  the  standardization  of 
frequency.  Now,  let  us  understand  the  fundamental  reasons 
which  underlie  the  difficulties  in  the  generation  of  single-phase 
current.  They  are  due  to  the  turbo-generator  which  has  com- 
j^letely  superseded  the  multipolar  reciprocating  generating  units 
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state  of  the  art  have  no  considerable  mechanical  strenj 
device  which  we  have  developed  they  have  to  be  hamr 
peened  into  the  chrome  nickel  steel  end  rings  in  a  some^ 
plicated  manner,  in  order  to  hold  them  in  place,  an< 
them  from  shifting  and  bending. 

There  is  also  great  difficulty  in  obtaining  and  secui 
factory  contact  between  the  axial  copper  conducton 
circumferential  conductors. 

Therefore,  it  may  be  stated  that  the  capacity  of  sii 
generators  is  limited;  and  the  engineers  who  have  an  oj: 
to  specify  the  unit  capacity  of  such  generators  should  be 
ful  indeed  not  to  demand  of  the  manufacturer  too  la: 
as  it  involves  frequent  repairs,  and  imperils  reliability  c 
This  is  the  fundamental  reason  for  the  question  that 
considered  in  the  sessions  today,  Mr.  Alexanderson  ha^ 
us  a  means  of  utilizing  the  existing  25-cycle  three-ph 
plants  for  the  generation  of  the  single-phase  currents, 
this  25-cycle  single-phase  current  is  going  to  be  used  in 
ation  of  our  great  railway  systems. 

Now  then,  in  the  case  of  OO-cycle  power  plants,  w( 
fronted  with  an  additional  difficulty,  viz.,  the  difficult; 
forming  from  60  to  25  cycles;  which  must  be  done  i 
generator  sets.  Therefore,  in  this  case  Mr.  Alexandersc 
tion  can  be  dispensed  with. 

The  question  of  power  factor  is  one  of  great  import 
I    agree  with  Mr.  Eglin  that  it  is  desirable  that  every 
should  give  it  a  little  more  attention;  but  l)y  giving 
more  attention  we  do  not  raise  the  power  factor. 

The   peculiar  conditions   of   railway   o])eration,   th( 
nature  of  the  single-|)hase  railway  system,  combine  to 
power-factor  problem  a  very  formidal)le  one,  with  a 
factor,  if  a  power  plant  is  devoted  exclu^i\el\'  to  the  gen 
single-j)hase  electric  currents. 

These  are  difficulties  which  a  year  or  so  ago  made  m 
that,  when  Mr.  W>'nne  discussed  the  eleclrification  of  tl 
&  Western  railway  system,  it  was  the  "least  unsatisfac 
I  tion"  of  an  intensely  difficult  prol)lem  for  which  remark  i 

*  Prof.  Scotl,  took  me  to  task  and  was  very  hard  on  n 

\  afraid,  howex'cr,  m\'  statement  must  stand,  since,  unless 

I  that  we  arc  sohing  these  problems  temi)oraril\'  in  the 

I  satisfactory-  manner,  solutions  good  enough  to  hold  thei 

1  no  better,  we  shall  n(jl  adxanee. 

^  D.  W.  Roper:      I  disagree  with  Messrs.  (jilman  and  1 

I  as  to  the  latter  part  of  their  eoiielusions,  which  fa\'o 

^  driven  single-phase  generators. 

I  To  take  the  ease  in  I^hiladelphia,  for  example,  where  ' 

,  a  load  of  sa\'  25,000  kv-a.,  and  with  the  figures  given  1) 

vious  s])eaker,  it  would  require  at  least  two  singlc-]3ha^ 
tors  to  carry  that  load. 
^  The  exigencies  of  central  station  operation  require  t 
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reserve  should  be  kept  for  the  generating  apparatus,  and  that 
would  mean  the  installation  of  three  machines,  any  two  of  which 
may  carry  the  load. 

I  think  central  station  men  will  also  agree  that  idle  generating 
capacity  on  the  peak  of  the  load  is  undesirable. 

It  would  therefore  appear  that  if  the  shorl-circuit  conditions 
are  of  any  serious  moment  in  determining:  the  design  of  >-our 
plant,  that  those  conditions  should  be  met  by  reactors,  or  other 
similar  protective  (^e^■ices,  rather  than  by  any  scheme  which 
contemplates  idle  generating  capacity  on  the  peak  of  the  load. 

G.  H.  Hill;  The  first  generated  current  ever  produced  was  a 
single-phase  current,  and  it  seems  curious  that  at  this  lime  there 
is  need  of  such  a  considerable  amount  of  discussion,  to  make  clear 
how  that  first  single-phase  current  can  best  be  produced  for  use 
commercially.  1  would  like  to  emphasize  the  fact  that  this  prob- 
lem is  a  general  one.  We  canno;  confine  ourselves  to  particular 
applications. 

Mr.  Torchio's  solution  none  of  us  mil  criticise,  because  he  has 
met  his  onndilions  in  the  way  that  fits  the  situations  best :  he  has 
bv  inheritance  a  complex  system,  25-cvcle  and  lM)-cvc!e.  three- 
phase  and  single-phase,  all  of  which  had  to  be  taken  care  of,  but 
I  feel  sure  that  he  would  not  duplicate  his  entire  system  if  he  had 
it  to  do  over  today.  I  think  we  must  keep  in  mind  the  ideal  in 
discussing  this  problem  and  make  sure  that  w-e  establish  a  reliable 
gilir^c  -',—  :-.>■-,■--■:'  '''■■-■■'■■■imt-nt. 

I'    ■  iliiufat  in  theminds  of  those  who  are 

ion  over  the  whole  country  that  the 
'ring  itself. 

wer  plants  are  oldest,  we  have  numer- 
ous excellent  25-cycIc  systems,  but  in  the  West,  which  is  the 
stronghold  of  transmission  and  water-power  developments,  60 
cycles  is  altnost  universal  and  you  cannot  convince  our  western 
friends  that  there  can  be  anything  but  60  cycles  as  the  standard 
Irequency.  From  the  experience  along  this  line  an  illustration 
may  be  drawn  of  the  fallacy  of  trying  to  make  compromises. 

The  old  (jucsuon  a^;  to  what  freiiuency  should  be  used  generally 
led  a  nunilcT  of  onginccTs  to  ihc  o|iinion  that  a  compromise  on 
41)  lyck--;  would  lie  almut  right  l)ut  no  altempt  was  made  to 
o:-iaMi-h  4l)-cyde  ;i]iparaius  as  ^landanl.  Failure  to  do  so  was 
iiiL'viiablt  lifcau-e  the  compromise  was  not  tlie  best  frequency 
for  1-ithi.T  HL:luini;  ur  ]Ki\ver,  The  net  result  is  a  local  section 
handiiapped  \viili  a  Ircijucncy  ihai  requires  >pccia]  apparatus. 

The  same  idea  a]i]i]ie'<  to  a  large  extent  to  the  question  we 
have  hire.  Sin:.;le-i>iiase  jxnver  is  ].trfectly  easy,  in  an  engineer- 
ing ^eu-v,  to  proiluce  in  a  iminber  of  ways. 

It  tan  be  a  separaie  system,  single-phase  generators  and  trans- 
mis-iim  -y^-ii'tn  independent  of  thu  other  power  system;  but  this 
does  not  meet  ihe  idea!  enndiiion-  ;it  all.  We  cannot  advocate 
sUlIi  duplication  and  sei>araliun  of  ]iower  loads  as  a  solution  of 
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You  can  produce  single-phase  power  from  polyphase  genera- 
tors by  adapting  these  generators  so  that  they  will  deliver  an 
unbalanced  load  without  overheating,  and  without  seriously 
affecting  the  value  of  the  polyphase  power,  but  the  result  is  a 
compromise  which  is  not  a  solution  because  it  will  not  be  accept- 
able as  best  for  either  polyphase  or  single  phase. 

The  effect  of  unbalancing  a  polyphase  system  is  bound  to  be 
bad  in  one  way  or  another  and  even  if  you  attempt  to  balance 
the  single-phase  loads  among  the  phases  as  pointed  out  by  a 
number  of  speakers,  the  asynchronous  application  of  these  loads 
is  bound  to  occur  and  there  must  he  a  regulating  device  to  correct 
the  resulting  unbalancing.  Such  an  arrangement  is  a  poor  com- 
promise because  it  handicaps  the  polyphase  in  first  cost  and 
complication,  and  restricts  the  use  and  convenience  of  the  single 
phase.  It  would  be  a  handicap  in  the  development  of  the  art 
because  you  could  not  be  free  to  choose  the  most  economical 
system.  It  does  not  lend  itself  to  either  old  systems  or  exten- 
sions of  systems  in  a  way  that  we  ought  to  set  down  as  an  ideal. 

What  we  want  is  a  means  for  producing  single  phase,  retain- 
ing the  standard  and  best  form  of  generator  and  transmission, 
without  duplication,  without  segregation  of  load,  without  rais- 
ing the  cost  and  without  affecting  the  value  of  the  polyphase 
system  for  any  purpose  for  which  it  is  useful.  Such  a  means  is 
now  suggested  and  the  conclusion  seems  inevitable  that  it  is 
the  ideal,  and  one  toward  which  we  should  look  for  the  solution 
of  the  problem. 

If  there  is  involved  a  change  in  frequency  it  is  necessary  to 
use  a  motor  generator.  If  the  motor-generator  sets  are  not 
perfect  (as  one  speaker  implies)  they  are  certainly  very  practical 
and  very  successful  and  we  do  not  know  of  any  other  way  to 
change  frequency  than  by  two  rotors,  that  is,  in  a  commercial 
way  for  power  purj)oscs.  I  know  no  reason  why  motor  generators 
should  not  he  used  to  produce  single-phase  current  of  a  low 
frequency  from  a  polyj)hase  system  of  a  higher  frequency. 

While  single-phase  railways  demand  low  frequency  there  will 
be  a  considerable  amount  of  use  of  single-phase  current  of 
60  cycles,  for  furnace  work  and  heating  work,  especially  in  the 
West.  For  this,  00  cycles  is  absolutely  satisfactory  and  a  phase 
converter  will  supply  the  single-phase  demand  from  a  60-cycle 
three-phase  system,  without  unbalancing  or  affecting  it  adversely 
in  any  way. 

Moreover  it  is  particularly  fortunate  that  we  are  able  to  take 
a  single-phase  load  from  a  three-phase  system  in  the  way  partic- 
ularly suited  to  the  character  of  the  single-phase  load. 

If  it  is  possible  to  approximately  balance  the  single-phase 
load  on  the  three-phase  system  and  most  convenient  to  use 
the  transmission  system  as  a  bus  line,  then  the  shunt  converter 
can  be  used  to  correct  the  unbalancing  in  the  loads,  so  that  the 
three-phase  supply  is  not  affected. 

The  series  converter  is  particularly  adapted  to  take  three- 
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phase  power  as  an  absoSutely  balanced  load  and  supply  a  large 
sinRle-phase  load,  where  it  is  suffiriently  tjreat  lo  warrant  a 
special  substation. 

I  cannot  sympathize  very  much  with  the  point  of  view  that 
has  been  brouKht  out.  that  there  are  a  great  many  complicated 
reactions  in  this  converter.  I  know  that  every  polyi>hase  cir- 
cuit is  awfully  busy.  If  we  try  to  follow  out  all  the  reactions, 
phase  displacements  and  frequency  distortions  that  are  Koin^  on. 
the  matter  is  \tr\  complex 

But  I  know  th  it  the  c(in\i.rter  KtmiijliOK  ill  ihese  things, 
does  keep  in  pha  e   does  )ji\e  the  tl^hI     i        '  '    dues  draw 

balanced  poK]thise  load    and  does    i  load  of 

good  regulation      This  has  lieen  pni  n  iled  and 

I  think  that  tht  manut  ictunnj,  tomii  i  nt  v  1'  *  t  jjtlp  ired  lo 
su])ply  such  apparatus  under  i(rn]»er  guaiaiuees  ol  successful 
operation  to  those  that  require  it, 

The  phase  converter  is  practical,  flexible  and  efficient,  and 
considc'rinj;  the  needs  of  the  whole  system  and  the  future  develop- 
ment,  1  i'lhuhjI  sL-e  why  il  should  not  be  accepted  as  the  ideal 
soluiinii  (if  ;hi'  prnlilem. 

Philip  Torchio:  1  am  very  glad  tohearo'"  the  completely  suc- 
cessful u|itTatinn  of  these  balancers  in  the  Philadelphia  station. 
PtTsonally  I  feel  very  much  gratified  that  we  can  dispose  of  such 
aiJ])Lir;iUi--  in  our  requirements. 

In  discussing  this  matter,  Mr.  Hill  has  jusi  now  cinphasi^ed 
to  some  extent  that  there  are  two  problems  to  take  care  of; 
one  is  the  tiO-cycIe  distribution  and  one  is  the  2o-cycle  railway 
load.    They  are  entirely  different  services. 

The  singlc-phiisc  loads  from  a  (iO-cycle  system,  used  for  welding 
m.-ichiiics,  furnaces  and  services  of  that  character,  if  they  can- 
not iibsoluLely  he  hahuiced  among  themselves,  will  necessarily 
require  some  tialanccr.  such  as  Mr.  Alexandcr.son  has  developed 
because  the  ui>seUingof  the  voltage  balancing  on  the  distribution 
system  would  be  too  severe  to  be  lolerable. 

I  ha\i'  no  hesitation  in  advocating  such  a  piece  of  api)aratus 
in  il  tiO-cycie  system  which  must  carry  unbalanced  single-phase 
Inads.  Till'  arrangtaiicnt  is  ideal.  There  is  no  question  about 
I  hat  ;    i  dn  not  want  to  be  unilcrst'wid  that  I  lake  any  exception 

My  ].niiii  is  th,-il,  wliencvcr  a  conii»any  operating  a  25-cycle 
system  has  in  sui>]>l\  singlc-jihase  nnlway  loads,  such  company 
shoiilii  for  new  c(|ui))nieni  install  generators  having  the  single- 
|>hase  i-haraiterisiics.  In  "tir  special  New  \'ork  conditions  we 
had  ;.n  additi.mal  obj^.^i  w  selecting  the  ]ilan  described  in  my 
])aper  -that  w;i-  i-i  l;f  able  tn  oficrate  in  jiarallel  wilh  the  other 
station  of  the  railroad  coriipanv.  because,  bv  running  all  the 
railroad  system  in  i.arallcl,  we  secured  thai  very  object  which 
Mr,  Bglin  eniphasijced  in  liis  paper  as  deri\'ed  by  the  diversity 
factor  of  ihc  peak  loads  of  an  amplified  system,  evening  up  the 
resultant  combined  load.    Railway  loads  are  just  of  the  character 
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to  require  ccjmbinin^,  and  our  perfect  parallel  operation  and 
sharing  of  peaks  with  our  customer's  station  has  undoubtedly 
contributed  to  the  satisfactory  result  of  our  ser\nce  to  the  New 
Haven  Company. 

Coming  to  the  economic  features  of  our  solution,  involving 
generators  with  single-phase  characteristics  compared  with  an 
installation  with  balancers,  if  Mr.  Doherty  means  that  we  are 
running  at  123  per  cent  loss,  compared  with  85  with  the  balancers, 
I  take  issue  with  such  a  statement.  I  would  only  state  that  it  is 
not  a  fact.    It  is  very  far  from  the  fact. 

There  cannot  be  45  per  cent  greater  loss  in  our  system  than 
with  the  balancer.  I  believe  that  our  losses  are  not  any  greater, 
and  I  believe  that  they  are  less,  that  our  efficiency  is  better. 
We  have  a  turbine  specially  designed  and  equipped  with  an 
additional  set  of  nozzles  controlled  by  a  hand  operated  valve 
to  give  high  economy  at  low  loads. 

That  machine,  without  the  special  valve,  would  operate  at 
higher  average  loads  with  practically  the  same  efficiency  as  a 
standard  machine  operating  at  its  most  economical  point. 
But  in  our  actual  operation  we  have  something  in  the  order  of 
a  fraction  of  a  pound  of  steam  per  kw-hr.  more  consumption 
than  we  would  have,  operating  at  the  most  economical  point; 
but  that  is  all  the  difference,  and  that  could  not  account  for  the 
difference  between  85  and  123. 

As  far  as  the  extra  cost  of  this  special  machine  is  concerned, 
in  comparison  with  a  balancer  installation,  I  do  not  like  to  see 
the  comparison  between  65  and  96.  I  don't  know  what  is 
compared  there. 

If  it  is  meant  to  sav  that  our  cost  is  in  the  relation  of  96  to 
65,  I  will  say  that  the  actual  figure  of  extra  costs  of  the  single- 
phase  generators,  as  estimated  by  the  manufacturers,  were 
$16,000  a  machine,  or  $32,000  total;  that  was  all  the  extra  cost 
we  paid,  and  we  have  been  doing  a  satisfactory  business  for 
ourselves,  and  giving  entirely  satisfactory  service  to  the  customer. 

As  I  stated,  we  discussed  the  balancer  at  the  time,  but  then 
the  balancer  was  not  developed  and  was  not  ready  to  use. 

If  Mr.  Alexanderson's  balancer  proves,  and,  as  I  have  said 
before,  I  am  happy  to  hear  that  it  has  proved,  satisfactory, 
all  we  have  to  do  is  to  spend  that  money  buying  the  balancer 
and  then  we  are  better  off  than  we  were  before;  we  utilize  in 
its  entirety  all  of  our  equipment;  we  have  not  lost  one  cent  in 
any  other  respect  except  that  we  have  paid  the  $16,000  extra 
per  machine,  and  in  the  meantime  we  have  had  two  years' 
service  before  the  development  happened. 

In  concluding,  I  would  say  that  even  this  trivial  extra  cost 
of  installing  machines  with  single-phase  characteristic  would  not 
be  a  loss;  I  don't  know  what  the  5000-kw.  balancer  costs; 
probably  we  would  need  a  larger  machine  for  our  load ;  the  cost 
of  one  balancer  would  certainly  be  in  the  order  of  the  $32,000 
that  we  paid  extra  for  our  generators;   if  we  did  not  have  the 
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aiiiyli-|itiase  fharaclt.-ristic  machines,  we  would  have  had  to 
l>ii>'  ill  U^u'*l  t  wcj  lialancers,  one  for  spare,  whereas  now  one  would 
lif  iHftlciftit,  because  if  il  breaks  down,  our  generators  would 
carry  Uie  siiij;le-phase  load,  as  they  do  now. 

'I'hc  saving  that  we  make  of  an  extra  balancer.  I  think,  must 
at  kast  balance  the  extra  cost  we  paid  for  the  generators,  and 
wj  we  come  out  even. 

To  come  l>ack  to  my  original  proposition— and  I  am  not 
talkinK  derogatory  to  the  balancer  s^'siem  in  any  way — but 
I  really  Ix-lieve  that  central  stations  distributing  commercial 
loads  should  put  in  generators  capable  of  taking  care  of  poor 
power  factors,  and  unbalanced  or  single-phase  loads. 

I  think  il  is  a  wise  investment;  il  makes  better  and  more 
durable  machines,  it  enables  the  station  to  do  a  lot  of  things 
on  emergency,  and  I  think  it  is  not  going  to  lie  very  costly. 

R.  E.  Doherty:  The  com])arison  of  loss  of  85.  in  the  case  of 
the  series  converter,  against  123  in  the  case  of  the  ^ngle-phase 
turbo- general  or,  was  this 

The  phase  converter  is  capable  of  delivering  5000  kw.  contin- 
uously and  12.000  kw,  for  five  minutes. 

A  single-phase  lUrbo-generator,  to  deli\er  the  same  load, 
would  have  losses  nf  123  instead  of  85. 

The  figure  85  represents  the  losses  of  the  series  converter,  the 
one  machine  hv  itself  operating  at  5000  kw.,  123  represents 
the  I'-----'-  v;  ''■'-  ,■;,..,],. ...i-n,-,.  turbo-generator  when  it  is  delivering 
.50(in-'  -  ■;  ,  ,.if  123  u,  So, 

Tin  rliiTerence  bx'tween  85  and  100  represents  the  losses  in 
the  auxiliary  machine,  which  is  known  as  the  voltage  balancer. 

H.  G.  Reist:    To  be  fair,  should  you  not  include  the  general 

C.  A.  Adams:    The  three-phase  generator  losses  in  the  machine 

that  supplies  the  series  converter? 

H.  G.  Reist:     Ves,  e.vactly, 

R.  E.  Doherty:  These  figures  are  not  intended  to  be  a  com- 
pari-iiii  of  the  losses  from  the  steam  to  the  single-phase  load. 
h  IS  intiti'kii  only  to  give  tile  losses  in  a  single-phase  turbo- 
;:fiK-rrili  T  whin  it  is  delivering  the  same  load  as  a  series  converter. 

H,  G.  Reist:  Ves,  but  the  series  convener  tirst  goes  through 
liic  :.'L!;L-;-ator.  atvl  has  separate  losses. 

R.  E.  Doherty:      Ves.  indeed. 

W.  C.  L.  Eglin:  I  think  Mr.  Torchio  has  brought  out-verj- 
Llrarly  hs-  prLSviiUiiion  of  what  the  -reat  future  lor  all  of  that 
work  ;s.  if  in  ilie  future  e.xlensions.  tile  cnurmuus  growth  of 
p'UVLr-h'ai-e  a|)i.aratus.  The  dollar  saved  in  ihe  generators 
i-  in  a  ion>:anily  increasing  amount,  that  is.  it  will  not  be  neces- 
sary  in    the    future   to  etjuip  all  the  generators  with  dampers, 
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Peter  Junkersfeld:  I  would  like  to  add  a  comment  on  this 
matter  of  power  factor.  I  am  referring  now,  not  to  these  few 
large  systems  that  have  single-phase  railway  loads,  but  to  the 
very  much  greater  number  of  central  stations  over  the  country. 
I  want  to  make  sure  that  the  proper  place  for  synchronous 
condensors  is  not  misunderstood. 

There  are  a  great  many  systems  over  the  country  where  the 
peak  comes  at  night,  when  the  lighting  is  almost  the  entire  load, 
and  when  the  power  factor  is  of  the  order  of  95  or  100  per  cent. 
They  may  have  a  day  load  whose  power  factor  is  as  low  as  60 
or  70  per  cent,  but  the  volt-ampere  day  load  may  be  less  than  at 
night  when  the  power  factor  is  high;  therefore  in  those  cases 
the  limiting  feature  of  the  size  of  copper  in  the  distribution 
system  is  created  by  the  night  load  and  not  by  the  day  load. 
In  such  a  case  the  synchronous  condenser  has  not  yet  found  its 
place,  but  the  day  load  is  growing  at  a  very  much  greater  ratio 
than  the  night  load  and  it  is  only  a  question  of  time  when  these 
companies  will  find  a  place  for  the  synchronous  condenser. 

C.  F.  Scott:  One  of  my  points  was  that  the  best  place  to 
provide  for  power  factor  and  single-phase  generation,  is  in  the 
generator  itself,  being  the  simplest  and  often  the  cheapest  way; 
that  the  applications  to  be  made  here  are  those  that  apply  to  the 
largest  power  plants  where  we  are  reaching  the  limits  of  size, 
and  where  the  size  of  the  auxiliary  apparatus  is  itself  very  large, 
but  that  these  considerations  might  not  apply  at  all  to  smaller 
plants. 

In  the  matter  of  synchronous  condensers  for  correction,  I 
think  the  point  brought  out  by  Mr.  Summerhayes  illustrates 
that  it  is  not  universally  applicable.  Specific  cases  must  be 
considered  carefully. 

H.  C.  Albright:  I  understood  Mr.  Torchio  to  say  that  with 
his  three-phase  generators  especially  built  for  single-phase  loads, 
carrying  heavy  loads,  the  voltages  varied  as  much  as  12,200, 
11,000  and   13,900  on  the  various  phases. 

I  would  like  to  ask  him  whether  this  voltage  distortion  is  not 
a  serious  handicap,  and  an  objection  for  generation  in  that 
manner,  over  the  phase  balancers? 

Philip  Torchio:  If  I  understand  the  question,  it  applies  to 
the  joint  system  of  the  New  Haven  and  our  system:  They  are 
operated  on  single  phase  purely,  and  will  not  affect  any  other 
customers  at  the  present  time,  and  therefore  the  question  of  a 
balancer,  I  could  not  answer. 

E.  F.  W.  Alexanderson:  I  do  not  know  whether  I  can  answer 
that  question.    Of  course  it  belongs  to  the  New  Haven  system. 

Philip  Torchio:  The  question  of  balancing;  if  the  balancer 
was  used,  there  would  not  be  any  unbalanced  voltage. 

E.  F.  W.  Alexanderson:     Yes. 

Philip  Torchio:     The  answer  is  there. 

E.  F,  W.  Alexanderson:     Mr.  Fortescue  and  Mr.  Oilman,  in 
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their  paper,  brought  out  some  very  appropriate  questions  in 
regard  to  the  possibility  of  short  circuits,  etc. 

Those  problems  were  real  problems.  Since  Mr.  Eglin  has 
expressed  his  satisfaction  in  the  way  those  problems  have  been 
solved,  we  have  already  the  answer  to  them. 

C.  L.  Fortescue:  The  questions  raised  in  connection  with 
the  regulation  of  the  phase  balancer  are  real  problems  that  have 
to  be  met  in  the  phase  balancer.  They  are  not  raised  for  the 
sake  of  controversy. 

I  think  there  is  a  big  future  for  the  phase  converter,  but  I 
also  think  that  in  certain  cases  heavy  single-phase  loads  can  be 
better  handled  separately,  than  from  a  polyphase  system, 
especially  when  the  load  is  very  large,  and  particularly  if  in 
order  to  handle  the  load  the  power  company  has  to  purchase  new 
material. 

I  think  that  the  statement,  that  a  single-phase  machine  is  not 
so  good  a  machine  as  a  polyphase  because  it  has  dampers,  is 
not  correct. 

I  think  that  the  correct  statement  is,  that  a  single-phase  machine 
is  a  superior  type  of  polyphase  machine  because  it  has  dampers. 

The  dampers  in  the  machine  enable  it  to  carry  quite  a  consider- 
able amount  of  unbalanced  load  without  undue  heating  while 
with  a  balanced  load  they  have  no  effect  on  the  efficiency  of 
the  machine.  The  small  amount  of  loss  in  space  due  to  the 
damper,  I  think  is  very  well  met  by  the  improvement  due  to 
its  ability  to  handle  unbalanced  loads. 

Philip  Torchio:  When  the  machine  is  running  three-phase 
balanced,  is  the  efficiency  of  the  unit  lower  than  a  machine 
without  dampers? 

C.  L.  Fortescue:  When  operating  as  a  balanced  polyphase 
machine  at  the  same  load  as  the  same  machine  without  dampers, 
the  effciency  of  both  would  be  the  same.  The  dampers  are 
inert  under  this  condition. 

Philip  Torchio:     How  much? 

C.  L.  Fortescue:  Mr.  Eglin  says  that  the  balancer  is  assisted 
in  handling  unbalanced  loads  by  the  synchronous  machiner\^ 
on  a  system. 

When  the  balancer  is  operating  this  is  not  true,  except  in 
so  far  as  sjmchronous  machinery  improves  the  power  factor 
of  the  unbalanced  load;  otherwise,  the  only  way  in  which  the 
synchronous  machinery  on  the  system  can  help  to  balance  the 
single-phase  load  is  by  the  actual  distortion  produced  thereby. 

In  other  words,  the  distortion  is  inversely  proportional  to  the 
admittance  of  the  system  to  the  balancing  or  counterphase 
rotational  current  in  the  circuit. 

C.  A.  Adams:  Insofar  as  the  balancer  can  not  perfectly  balance, 
other  apparatus  would  assist? 

C.  L.  Fortescue:  Of  course,  if  the  balancer  is  not  doing  its 
work  perfectly,  the  rest  of  the  apparatus  will  help  it  out. 

I  think  a  great  number  of  the  comments  made  by  the  various 
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speakers  on  single-phase  machines  have  been  due  to  considering 
particular  cases. 

If  consideration  is  given  to  the  fact  that  large  railway  electri- 
fications demand  large  amounts  of  single-phase  power,  it  begins 
to  be  evident  that  the  relative  amount  of  single-phase  power 
as  compared  with  polyphase  may  be  so  large,  that  new  apparatus 
is  required  and  therefore  it  seems  to  me  that  careful  consideration 
should  be  given  to  the  merits  of  separate  single-phase  generation. 

If  the  peak  loads  of  the  single-phase  system  do  not  occur  at 
the  same  time  as  the  peak  loads  on  the  polyphase  system,  it 
is  possible  to  combine  the  two  systems,  so  that,  the  single-phase 
generators  can  be  used  as  polyphase  generators  at  the  time  of  the 
high  demand  on  the  polyphase  system. 

Without  reflecting  on  the  balancer  phase  converter,  I  wish 
to  bring  out  the  principal  point  that  should  be  considered  in 
its  development. 

If  the  load  is  constantly  changing  from  one  phase  to  the  other, 
which  is  quite  liable  to  occur — for  example  if  two  single-phase 
railway  loads  are  being  supplied,  the  load  is  variable  and  high 
sudden  peaks  occur — the  peak  on  one  phase  may  occur  at  an 
instant  when  the  other  phase  is  changing  suddenly  from  peak 
value  to  very  little  load.  The  changes  in  these  peaks  are  very 
rapid,  and  the  regulating  part  of  the  balancer  has  to  take  account 
of  the  peaks  very  quickly. 

It  can  readily  be  seen  that  a  condition  may  occur  where  a 
balancer  is  at  the  maximum  regulating  condition  for  the  peak 
on  one  phase  and  at  the  same  time  as  that  load  is  suddenly 
lost,  the  load  on  the  other  phase  comes  on,  in  which  case  the 
balancer  may  produce  a  greater  unbalance  for  the  instant  than 
if  it  was  not  there. 

In  other  words,  it  is  imjjortant  to  have  the  regulating  apparatus 
very  sensitive,  and  very  quick  acting. 

As  to  the  question  of  the  operation  of  the  i)resent  balancer, 
it  must  be  remembered  that  it  is  o])eralin<;  to  balance  a  single- 
phase  load  on  one  ])hase  onlw 

The  question  is,  how  will  it  oj)erate  when  it  has  to  balance  a 
variable  single-phase  load  on  two  j)hases.  such  as  will  occur 
when  the  Chestnut  Hill  electrification  goes  into  effect — will  it 
be  able  to  follow  the  sudden  changes  of  load  from  one  phase  to 
the  other?      Is  it  possil)le  to  make  a  regulator  siiniciently  sensi- 
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such  a  size,  the  heating  could  not  be  dissipated  and  the  reactance 
would  be  so  high  that  it  would  be  impossible  to  get  good  regula- 
tion, but  the  other  manufacturer  said  he  would  be  willing  to 
try  it  out,  but  the  purchaser  would  have  to  assume  the  risk. 
The  purchaser  was  a  good  enough  sportsman  to  take  the  risk 
and  the  transformer  was  built.  Now  we  are  building  10,000-kw. 
units,  so  that  w^hat  it  seems  impossible  to  do  today,  may  in  a 
few  years  be  quite  practicable. 

R.  E.  Oilman:  In  respect  to  the  relative  size  and  cost  of 
turl)o-gcnerators,  the  limitation  of  the  turbo-generator,  especially 
the  two-pole  machine,  is  largely  a  question  of  field  design. 
Take,  for  example,  a  25,000-kw\  100-per  cent  power  factor, 
single-phase  generator,  two-pole,  it  would  be  built  on  exactly 
the  same  frame  as  a  14,000-kv-a.,  70-per  cent  power  factor, 
single-])hase  machine;  and  if  the  same  frame  were  used  for  a 
pol\'phase  generator  at  70-])er  cent  power  factor  the  approxi- 
mate output  would  be  17,500  kv-a. 

As  to  the  relative  cost  and  perfomiance  of  the  machine  with 
or  without  dampers,  the  efficiency  for  the  same  machine  operated 
as  a  polyphase  machine,  at  the  same  power  factor,  is  the  same. 
The  cost  would  l)e  increased  due  to  the  damper,  jwssibly  5  to 
8  ])er  cent. 

In  c(jmparing  cost  of  single-j)hase  equipment  against  poly- 
phase generators  or  phase  balancers  we  must  l)ear  in  mind  that 
the  single-phase  turho-generator  is  a  part  of  the  main  generating 
ec|iiipnuMU  and  that  the  shunt  or  series  converter  is  an  addition. 
Tliese  same  remarks  hold  in  comparing  the  efficiency  of  the  two 
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THE  EFFECT  OF  RECENT  DECISIONS  ON  THE  WORK 

OF  INVENTORY  AND  APPRAISAL 


BY    PHILANDER    BETTS 


Abstract  of  Paper 

In  order  that  our  inventories  and  appraisals  shall  be  useful 
in  determining  all  of  the  appropriate  elements  of  value,  they 
must  be  classined  as  to  age,  condition,  use,  and  extent  of  use  in 
each  class  of  service. 


DURING  the  past  few  years  there  has  been  much  discussion 
on  the  proper  basis  for  rates.  This  discussion  has  been 
quite  confusing  at  times  because  of  the  entrance  into  it  of  those 
who  were  not  familiar  with  all  sides  of  the  question.  That  is, 
engineers  not  familiar  with  the  existing  legal  decisions  have 
argued  pro  and  con  on  the  subjects  of  valuation  and  deprecia- 
tion, and  lawyers  not  familiar  with  development  cost  have  based 
their  arguments  entirely  on  the  decisions  of  the  Covirts. 

If  we  are  to  have  proper  respect  for  our  Courts,  we  must  abide 
by  their  decisions  and,  if  not  satisfied,  we  must  familiarize  our- 
selves with  all  of  the  conditions  leading  to  the  Courts*  decisions. 
Probably  the  earliest  cases  which  begin  the  history  of  decisions 
concerning  valuation  are  those  of  the  Brunswick  and  Waterville, 
Maine,  cases.  We  must  bear  in  mind,  however,  that  those  were 
cases  in  which  negotiations  were  in  progress  looking  to  the  sale 
by  water  companies  of  their  properties  to  the  municipalities. 
In  those  cases  the  franchise  rights  had  either  expired  or  the 
municipalities  had  the  right  to  take  over  the  properties  as  well 
as  the  franchises,  and  thereafter  operate  them.  In  "purchase 
and  sale"  cases,  clearly  the  matter  to  be  determined  is  the  value 
of  the  property,  all  things  considered,  including  "going  concern" 
values  if  any  exist.  After  a  study  of  many  of  the  great  rate 
cases,  the  writer  has  come  to  the  conclusion  that  the  confusion 
of  mind  has  come  from  the  fact  that  the  early  decisions  were 
based  upon  "purchase  and  sale"  cases  and  did  not  primarily 
hav^  anything  to  do  with  cost  in  its  broad  sense. 
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Value  not  Cost 

If  we  are,  however,  to  do  our  work  in  conformity  with  the 
Courts'  decisions,  we  must  take  as  our  primary  basis  for  the 
consideration  of  rates,  the  value  of  the  property  and  not  neces- 
sarily the  cost.  Justice  Harlan  was  wdser  than  he  knew  when, 
in  the  famous  case  of  Smyth  v.  Ames,  he  said  as  follows: 

Wc  hold,  however,  that  the  basis  of  all  calculations  as  to  the  reason- 
ableness of  rates  ♦  *  *  ♦  ♦  must  be  the  fair  value  of  the  property 
beine  used  by  it  for  the  convenience  of  the  public.  And  in  order  to  ascer- 
tain that  vahie.  the  original  cost  of  construction,  the  anionnt  expended 
in  permanent  improvements,  the  amount  and  market  value  of  its  bonds 
and  stock,  tlie  i)resent  as  compared  with  the  original  cost  of  construction, 
the  probable  earning  capacity  of  the  property  under  particular  rates 
presciibed  by  statute  and  the  sum  required  to  meet  operating  expenses, 
are  ail  matters  for  consideration  and  are  to  be  given  such  weight  as  may 
be  just  and  right  in  each  case.  We  do  not  say  there  may  not  be  other  mat- 
ters to  be  regarded  in  estimating  the  value  of  the  property.  What  the 
company  is  entitled  to  ask  is  a  fair  return  upon  the  value  of  that  which 
it  employs  for  the  i)ublic  convenience.  On  the  other  hand,  what  the 
j>ublic  is  cntitleil  to  demand  is  that  no  more  be  exacted  from  it     *     *     * 

*      *      llian  the  services  rendered  by  it  are  reasonabh   vs'orth." 

Rkprodiction  Valik  v.  Original  V^ali'e 
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present  value  must  be  based  either  on  market  value  or  reproduc- 
tion cost,  and  as  market  value  is  not  usually  considered  a  fair 
or  possible  standard  for  rate  purposes,  reproduction  cost  is 
turned  to  as  the  only  available  standard.  This  line  of  argument 
would  be  more  convincing  were  it  not  for  the  fact  that  in  the 
leading  case  of  Smyth  v.  Ames  in  which  the  present  value  prin- 
ciple is  laid  down,  it  is  also  distinctly  stated  that  both  original 
cost  and  reproduction  cost  shall  be  considered  in  determining 
a  fair  present  value,  and  it  is  no  indication  that  either  of  these 
factors  should  be  given  a  controlling  influence.  This  cannot  be 
accepted  as  the  settled  rule  of  law  as  the  whole  subject  of  valua- 
tion is  still  in  a  developmental  stage.  The  Supreme  Court  of 
the  United  States  has  wisely  refrained  from  laying  down  a  hard 
and  fast  rule  which  might  have  to  be  reversed  when  all  of  the 
factors  of  the  problem  shall  have  been  more  clearly  discussed. 

Value  New  v.  Depreciated  Value 

In  the  so-called  Idaho  case,  it  has  been  determined  by  the 
Court  that  the  value  new  of  the  property  is  the  proper  basis 
for  computation  of  rates  rather  than  a  "present  value"  obtained 
by  deducting  the  full  estimated  depreciation.  This  decision 
follows  a  number  of  commission  decisions  along  the  same  general 
line  and  is  best  expressed  in  the  words  of  the  St.  Louis  Public 
Service  Commission  in  the  case  of  the  Union  Electric  Light  and 
Power  Company  of  St.  Louis,  decided  in  1911,  "In  depreciating, 
to  arrive  at  the  present  value,  the  Commission  does  not  consider 
it  fair  to  make  deductions  for  anything  but  the  present  physical 
condition  and  for  items  where  it  is  plainly  apparent  that  the 
property  has  become  obsolete  and  inadequate." 

Property  Used  and  Useful 

From  the  earliest  cases  down  to  the  present  time,  the  Courts 
have  been  unanimous  in  the  determination  that  the  basis  for 
rates  must  be  the  value  of  the  "property  used  and  useful"  and 
have  not  been  very  definite  in  further  defining  these  terms. 
The  Commissions  have,  however,  in  a  number  of  cases,  after 
determining  the  value  of  the  entire  property,  made  deductions 
for  property  considerably  in  excess  of  that  required  for  the 
present  *  customers  or  those  who  might  be  taken  on  in  the  near 

*San  Diego  Land  &  Town  Co.  v.  National  City. 
Long  Branch  vs.  Tintern  Manor  Water  Co. 
Mantua  vs.  New  Jersey  Gas  Co. 
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fft,^^  ytvA  i*M>-  swtNctimcs  occurred,  and  occurred  recently  in 
Sgkk  '«aw.».  "htf«  t\>inv)anies  have  been  too  optimistic  with 
■^^li  kw  ihv  ikivclopnicnt  of  the  territory  and  have  built  plants 
.|t  <ii  ^'UAiM*  "I  the  actual  needs.  It  also  follows  from  this,  that 
,Ufc>  'iii*>  '""t  'h'  hasfd  upon  an  inadequate  plant  but  that  the 
i>(lUJlU>it  ui  bi'  tletennined  will  be  that  of  a  plant  adequate  in 
.ill  iv^JVCts  for  thf  customers  now  connected  and  including  a 
n,-u)»wualjlu  resiTN'e  for  customers  who  may  be  taken  on  in  the 
iii.iti  liiluvi'.  iis  well  as  reserve  to  jj^ard  against  the  ordinary 
liii,ik  di'wu'i  and  interruptions  in  service. 

Classification  as  to  Use 
I'Uv  ticxl  dt'cisions  of  interest  affecting  our  work  of  inventor\' 
ami  «|i|iruiK!il  are  those  of  the  Norfolk  and  Western  Railroad 
I'luupiiny  V.  Conley,  et  al.  and  the  Northern  Pacific  Railroad  v. 
ibi-  Slate  of  North  Dakota.  The  effect  of  these  decisions  is  to 
n;i|iiirf  different  rates  for  classes  of  service  where  the  costs  are 
nn-iiily  dilTerent.  The  basis  for  differential  rates  is  found  in 
out-  of  the  earliest  Supreme  Court  decisions  in  which  it  was  held 
MiaL  "what  the  company  was  entitled  to  was  a  fair  return  upon 
tile  value  of  that  which  it  devoted  to  the  public  use"  but  the 
Court  went  on  to  say  that  what  the  purchaser  was  entitled  to 
was  "service  at  no  more  than  the  worth  to  him."  This  decision 
practieally  confirmed  the  railroads  in  their  existing  practises  of 
liavinji  different  rates  for  different  classes  of  ser\'ice.  With 
rt'K'trd  to  electric  lighting  and  power  companies,  it  has  been  cus- 
tomary to  classify  customers  in  accordance  with  their  require- 
ments for  service.  This  classification,  however,  was  based  on  and 
adhered  more  or  less  closely  to  the  cost  for  the  respective  classes 
of  servic-c. 

RlCSt-LT 

Tin.-  rt-sult  of  the  above  mentioned  decisions  is  that  the  in- 
ventories and  the  resulting  appraisals  must  be  classified  in 
accordance  with  the  use  and  the  extent  of  the  use.  So  far  as 
the  engineer  is  |)riniarily  concerned  with  cost,  the  inventory  and 
appraisal  will  arri\e  at  the  same  aggregate  in  any  case,  but 
the  engineer  is  further  concerned  with  the  use  and  operation  of 
the  electrical  property  and  it  is  the  duty  of  the  engineer  to  de- 
termine to  what  extent  each  class  of  property  is  required  in  the 
service  of  the  jiublic  and  to  what  extent  it  is  required  for  the 
furnishing  of  the  various  classes  of  service.  In  preparing  our 
inventory,  thcrofure,  such  classifications  must  be  made  as  will 
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Convention  of  the  Institute  in  1915.  In  addition,  however, 
there  are  allowances  for  various  intangibles  not  properly  in- 
cluded under  the  head  of  overhead  charges.  They  are  (1)  cost 
of  organization  and  obtaining  the  necessary  charters  and  fran- 
chises, (2)  deficits  in  operation  in  the  early  history  of  the  project, 
(3)  lack  of  profits  in  the  later  years  and  (4)  the  unearned  de- 
preciation which  has  accrued.  It  is  the  writer's  further  opinion 
that  the  aggregate  of  these  elements  ought  to  bear  some  favor- 
able relation  to  the  total  value  of  the  physical  property,  but  it 
is  the  province  of  the  engineer  to  investigate  and  determine  the 
various  items  referred  to  with  the  exception,  perhaps,  of  items 
concerning  the  cost  of  organization  and  obtaining  the  necessary 
charters  and  franchises.  All  other  elements  in  determining  the 
appraisal  and  valuation  of  a  public  utility  property  and  in  the 
determination  of  the  deficits,  lack  of  profits  or  otherwise,  are 
matters  solely  within  the  province  of  the  engineer. 

The  above  items  should  be  considered  as  making  up  the  **cost 
of  establishing  the  business.**  There  has  been  much  contention 
with  reference  to  the  necessity  of  including  "going  value**  but 
here  again  we  are  confusing  cases  involving  justice  to  the  in- 
vestor with  "purchase  and  sale**  cases.  **Going  value**  is  an 
element  to  be  considered  in  "purchase  and  sale**  cases  and  has 
no  pertinency  whatever  in  rate  cases.  The  United  States  Supreme 
Court,  in  its  recent  decision  regarding  the  Des  Moines  gas  rates, 
decided  that  "going  value**  was  to  be  considered  in  these  cases, 
but  based  its  estimates  of  "going  value**  on  those  elements 
which  go  to  make  up  the  "cost  of  establishing  the  business.** 
In  the  determination  of  reasonable  or  fair  rates,  full  considera- 
tion must  be  given  to  the  sacrifice  made  by  the  investor.  This 
will  include,  in  addition  to  the  investment  in  the  physical  prop- 
erty, early  losses,  lack  of  profits  and  unearned  depreciation, 
the  aggregate  of  which  should  be  classified  as  the  "cost  of  estab- 
lishing the  business.'* 

Conclusions 

1.  Property  must  be  inventoried  in  such  detail  as  will  lead 
to  a  determination  of  its  value  or  cost  within  a  very  small  per- 
centage of  absolute  accuracy. 

2.  It  must  be  classified  as  to  its  use  and  as  to  the  degree  of 
its  use  in  the  various  classes  of  service. 

3.  The  inventory  must  include  full  information  as  to  age 
and  present  condition,  this  information  leading  to  accurate 
estimates  of  accrued  depreciation. 


PrtsemUd  at  the  326l/i  meeting  of  the  Ameri- 
tan  Institute  of  Electrical  Engineers^  New  York, 
November  10.  1016. 

Copyright  1016.    By  A.  I.  B.  B 


CONTINUOUS  INVENTORIES:  THEIR  PREPARATION 

AND  VALUE 


BY  HARRY  E.  CARVER 


Abstract  of  Paper 

Due  to  enactment  of  laws  in  various  states  requiring  approval 
of  State  Commissions  before  issue  of  securities,  and  due  to  other 
conditions,  there  has  arisen  a  demand  for  a  continuous  inventory 
of  property  owned  by  utility  companies. 

First  section  of  this  paper  discusses  the  advisability  of  attempt- 
ing such  an  inventory,  giving  possible  uses  and  advantages  to  be 
derived  therefrom,  and  the  second  section  discusses  the  prep- 
aration of  such  an  inventory,  suggests  the  division  of  the 
property  into  four  general  groups  for  the  purpose,  and  outlines 
general  forms  and  methods  for  collecting  and  recording  data 
required. 

AMONG  papers  presented  at  the  Pacific  Coast  Convention 
of  the  Institute  at  San  Francisco  in  1915,  under  the  general 
heading  of  a  Symposium  of  Inventories  and  Appraisals  of  Proper- 
ties,  was  one  by  Mr.  W.  G.  Vincent,  Jr.,  in  which  the  subject  of 
keeping  inventories  and  appraisals  up  to  date  was  treated  in 
some  detail.  In  the  discussion  which  ensued,  it  seemed  to  be 
the  opinion  that  the  amount  of  detail  and  extra  work  and  expense 
which  would  be  incurred  by  a  company's  operating  force,  would 
be  too  great  to  make  it  advisable  or  practicable  to  do  this.  At 
least  one  of  the  large  public  utility  companies  under  the  jiuisdic- 
tion  of  the  New  Jersey  Commission,  namely  one  of  the  telephone 
companies  connected  with  the  Bell  system,  is  apparently  ac- 
complishing this  with  an  expenditure  of  labor  and  other  expense 
which  is  apparently  within  reason,  and  both  the  New  Jersey 
and  New  York  Commissions  are  endeavoring  to  develop  methods 
for  keeping  inventories  up  to  date  in  which  it  is  hoped  that  the 
co-operation  and  approval  of  public  utility  companies  in  general 
mav  be  secured. 

Discussion    of    the    Value    and    Use    of    a    Continuous 

Inventory 

The  desirability  and  the  purposes  for  which  an  inventory  and 
appraisal  of  a  company's  property  is  made  have  been  generally 
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I  hcKtnfcwe  imA  the  «ei-«ssity  of  making  such  an  in- 
Teniorv  aod  snjvwstl  under  certain  conditions  is  probably 
«ufficiM«>i  »pp»«T«  to  eliminaie  the  necessity  of  further  dis- 
cussmn  «i  ihJs  mhucr  Such  inventori"  and  appraisal  of  any 
\aTtnt  evanptmy  is  ««u(vtraWe  to  a  general  census  which  it  has 
bcon  OMffliiniin-  ^'  wake  at  periodical  intervals  for  centuries. 
If  H  ■«*«  n<vr*aT>-  or  advisable  to  have  the  results  of  an  up  to 
<1*W  ivnai*  iHAilJlb!*"  at  frequent  intervals  the  question  would 
^■ffihilfqs   ■»"«  *s  to  the  desirability  of  keeping  a  complete 

■«<n<:H$  of  sll  the  people  in  the  country'  up  to  date  by  other  means 
j>H»n  cwrtR  «"  *"''  ™""t'"S  them  every  five  or  ten  years. 

In  the  s*n>f  w»y.  if 't  '^  advisable  or  necessary  to  have  a\  ail- 
*Ne  *  l<^li»I  invcnlory  and  appraisal  of  a  company's  property 

,  j^,^,^,,)  initTvals  of  lime,  it  would  seem  advisable  to  consider^ 
the  iM^-l'lenis  involved  in  maintainioK  siich  an  inventory  at  all^ 

U  t  his  kind  nf  an  inventory  would  serve  no  other  purpose  than 
in  niakiuK  datii  readily  available  for  the  compilation  at  any 
lin>o  of  a  t"*'*'  inventory  and  appraissil  of  l!ic  company's  prop- 
ertv,  itipn  the  feasibility  of  doinj:  so  dejiends  upon  at  least  four 
fm-l  ors. 

1       Tlic  frequency  with  which  it  muy  be  desirable. 

2.  'I'lie  additional  yearly  expenditure  required,  multiplied 
hv  the  number  of  years  irtervenint;  compared  with  the  cost  of 
nblaiiiiiit;  the  results  by  a  complete  new  inventory  at  a  later 

;i.  The  compiirativc  accuracy  of  an  inventory  by  the  two 
rm'lliod^i  find  tlic  accunicy  wliicli  is  liable  to  be  required  in  future 

■I,     '["he  sficed  with  which  it  may  be  desirable  to  compile  the 

A  eoiisidcrati'in  of  the  fre(]uericy  with  which  comjilele  in- 
venl'ines  are  li:ible  to  be  retjuirod  leads  tu  the  conclusion  that 
Ihcy  are  liable  to  occur  much  oftener  in  the  future  than  in  the 
pasl.  as  the  custom  of  recpiirins:  ycrjrly  reports  to  various  tax 
rmiimissions  and  ijovcrnmcnl  rc;;ulatin.i;  commissions  apjiears 
l()  be  bccomin!;  much  more  I'oiLTal  and  required  in  more  detail 
th;in  heretofore. 

A  consideration  of  the  other  factors  involved   in   keeiiing  a 

rontimious  inventory  brin^;s  to  li   lit  a  numl'cr  of  other  reasons 

■  '"  he  oliiaincd  by  carryini.;  out  such  an  iinder- 

"  "'msidered  as  a  unit,   there 
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are  at  least  three  other  classes  of  people  who  are  interested  in 
the  operation  of  a  public  utility  corporation. 

1.  The  patrons  or  customers  of  the  company. 

2.  The  investors  in  the  company's  securities. 

3.  The  j^eneral  public,  including  the  various  governmental 
agencies  representing  this  public. 

A  perpetual  inventory  of  a  company's  property  would  be 
useful  to  any  company  in  the  following  ways: 

1.  Data  are  made  available  for  answering  any  complaints 
as  to  discrimination  or  overcharges  in  existing  rates  and  the 
company  should  be  able  to  present  promptly  a  full  statement 
of  facts  on  the  basis  of  which  a  satisfactory  determination  can 
be  made. 

2.  The  increased  cost  of  labor  and  material  renders  it  probable 
that  many  rate  cases  in  ihe  future  will  involve  increases,  rather 
than  decreases  in  rates  for  services  rendered  and  the  company 
will  need  to  be  fortified  with  all  necessary  facts  as  to  the  cost 
of  service  rendered,  among  which  are  included  as  two  of  the 
principle  items,  a  fair  return  on  the  investment  and  a  yearly 
allowance  toward  a  reserve  fund  for  replacing  the  property  in- 
volved, at  the  time  that  such  replacement  is  needed. 

3.  In  many  rate  crises  and  cases  pertaining  to  security  issues, 
inventories  and  appraisals  have  been  made  and  depreciation 
and  present  value  estimated.  Various  methods  have  been  used 
for  making  these  determinations  and  estimates  of  future  de- 
preciation have  been  made.  There  tlie  matter,  in  most  cases, 
has  been  drop])ed  and  the  future  dei)reciati()n  has  been  left  to 
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9.  Insurance  adjustment  for  fire  and  other  losses  could  be 
more  readily  and  equitably  obtained. 

10.  Tax  Commission  reports  and  yearly  reports  to  regulating 
bodies  could  be  more  readily  compiled. 

11.  At  the  present  time  a  few  large  companies  are  keeping 
a  more  or  less  detailed  record  as  to  the  location  of  their  various 
items  of  property,  especially  of  imderground  conduits,  etc. 
Many  companies,  however,  have  very  incomplete  records  as 
to  just  what  they  own  or  where  it  is  located  and  information  is 
not  readily  available  as  to  what  service  they  are  able  to  render 
at  *a  given  location,  either  permanently  or  temporarily.  As  an 
illustration  of  this  point,  the  case  may  be  cited  of  a  gas  company 
which  was  recently  called  upon  for  service  by  a  prospective  cus- 
tomer in  an  outlying  district.  An  employee  of  the  company, 
to  whom  the  request  was  made,  replied  that  the  company  would 
be  unable  to  make  the  connection  to  the  customer's  premises,  as 
the  company's  mains  were  too  far  away.  Later  investigation 
proved  that  the  company  had  a  service  connection  to  the  house 
next  door  and  that  the  main  in  the  street  extended  to  within 
about  fifty  feet  of  the  prospective  customer's  lot.  A  continuous 
inventory  would  necessitate  the  keeping  of  records  which  would 
prevent  these  or  similar  occurrences. 

12.  In  addition  to  requiring  records  which  would  give  the 
location  of  property  owned,  the  adoption  of  such  a  system  in 
connection  with  a  continuous  inventory  and  appraisal  w^ould 
be  of  great  value  in  promoting  more  efficient  construction  and 
operation,  as  detailed  costs  would  readily  be  available  from  which 
the  costs  of  rendering  any  particular  service  or  of  making  any 
particular  extension  or  betterment  could  be  accurately  deter- 
mined. 

Some  of  the  advantages  cited  above  would  apply  equally  well 
to  the  company's  customers,  investors,  and  the  public,  but  the 
above  seem  to  be  sufficient. 

Preparation  of  the  Inventory 
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or  abandoned,  without  detailing:;;  a  special  force  of  enj^ineers 
to  make  a  complete  inventory  of  all  property.  The  record 
of  the  company's  property  in  existence  at  the  time  the 
inventory  is  started  can  be  obtained  at  such  times  as  the 
company's  engineers  and  accountants  may  be  available  for  this 
work,  and,  in  the  course  of  a  few  years  it  might  be  possible  in 
this  manner  to  obtain  a  complete  inventory. 

The  actual  problem  of  maintaining  a  continuous  inventory 
resolves  itself  into  the  question  as  to  how  small  the  units  may 
be  into  which  a  property  may  be  divided  and  records  kept  with- 
out an  unreasonable  expense,  and  how  large  the  units  of  property 
may  be  taken  without  making  indentification  of  any  item  or 
part  of  the  property  so  uncertain  as  to  destroy  the  accuracy  of 
the  inventory  and  subsequent  changes  in  the  capital  account. 

To  illustrate,  suppose  a  company  builds  today  a  large  power 
station  and  ten  years  from  now  it  builds  an  addition,  removing 
one  wall  and  making  use  of  some  of  the  material  for  the  new  work. 
Or,  a  company  builds  an  overhead  distribution  system;  five 
years  later  it  becomes  necessary  to  replace  some  of  the  existing 
wires  on  a  certain  street  with  a  larger  size;  ten  years  later  it  is 
necessary  to  move  a  part  of  this  same  line  to  the  other  side  of  the 
street  and  install  joint  poles  with  another  company,  and  fifteen 
years  later  it  becomes  necessary  to  replace  all  this  construction 
with  an  underground  system. 

Is  it  possible  to  keep  an  accurate  record  of  these  transactions 
so  that  the  capital  account  shall  record  the  cost  of  the  additions 
and  the  proper  withdrawals  in  going  through  these  various 
changes  without  relying  on  estimates  of  both  quantities  and 
costs  to  such  an  extent  as  to  render  the  records  questionable 
as  to  their  accuracy?  Heretofore  it  has  been  necessary  to  rely 
largely  on  estimates  of  the  original  cost  of  both  labor  and  material 
in  recording  such  transactions ;  but,  with  proper  co-ordination 
and  co-operation  of  the  various  departments  concerned,  we 
believe  that  the  necessity  of  making  estimates  can  largely  be 
obviated,  and  the  total  cost  installed  in  place  at  any  particular 
period  of  time  obtained  without  any  great  expense. 

The  fundamental  requirement  for  accomplishing  the  above 
is  an  efficient  "work  order"  system,  also  quite  generally  known 
under  the  head  of  "Authorizations  for  Expenditure"  or  some 
similar  name.  A  work  order  system  is  in  force  in  practically 
every  company  of  appreciable  size  today,  and  with  more  or  less 

modification  can  be  adapted  to  give  the  records  required. 
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In  order  to  obtain  the  necessary  records  for  writing  off  the 
oric^inal  cost  of  the  property  when  it  is  retired,  it  is  absolutely 
necessary  that  one  additional  step  be  added  to  this  system  as  it 
is  generally  in  force  in  most  companies;  viz,  an  allocation  of  the 
cost  of  each  piece  of  construction  or  property  acquired  must  be  made 
in  detail  when  the  work  is  completed,  and  preferably  just  before  the 
work  order  is  finally  closed,  as  such  an  analysis  will  frequently 
disclose  inaccuracies  in  either  debits  or  credits.  This  practise 
is  followed  by  many  companies  to  a  certain  extent  at  the  present 
time,  but  must  be  applied  to  all  work  orders,  and  the  final  cost 
must  be  reduced  to  the  same  units  that  are  liable  to  be  needed 
in  making  estimates  for  withdrawals  or  additions.  Unless  the 
property  acquired  is  going  to  last  fore^'er  or  be  withdrawn  from 
capital  account  as  a  unit,  such  an  estimate  must  be  made  some- 
time, and  there  would  seem  to  be  no  time  when  a  more  accurate 
analysis  coidd  be  made  than  at  the  time  the  work  is  done  or 
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-swiif  ainiilar  units  and  roisccllaneoiis  items;  (•-«,,  wires 
iMes,  insulators,  arresters,  ere. 
D     Those  items  of  property  which  are  usually  carried  in  in-' 
watories  at  the  present  time  and  which  are  usually  checked  up 
terfieM  inventor)'  at  res^ular  intervals;  e.g..  materials  and  supplies' 
jjiwtabie  tools,  office  furniture,  etc, 

Tliere  may  be  considerable  difference  of  opinion  as  to  just 
what  method  should  be  followed  in  collecting  the  data  required. 
but  a  general  scheme  could  be  followed  for  either  a  gas,  electric, 
nulwa\"  or  railroad,  telephone  or  telegraph,  water  or  sewer 
utilitv  or  a  private  industrial  plant  by  classifying  the  property 
in  the  general  groups  indicated  above  about  as  follows: 

A.  !.  Land  and  right  of  way 

2.  Building  and  structures, 

3.  Equijiment  of  stations,  buildings,  etc, 

B,  Poles,  transformers,  meters  and  services  for  an  electric 
company;  meters,  ser\-ices,  fire  hydrants,  lamps,  etc.  for  a  water 
or  gas  company  and  similar  items  for  these  or  other  companies. 

C  Wires,  cables,  conduits,  crossarms,  insulators,  for  an 
oloclric  company;  feeder  cable,  trolley  wire,  straight  track,  etc., 
lor  railways;  transmission  and  distribution  mains  for  water, 
j;as  and  sewer  companies. 

1).     Office  equipment,  shop  equipment,  stable  equipment,  etc. 

Forms  for  Groip  A 

The  general  form  of  recording  data  for  items  in  group  A  in 
detail  is  given  on  form  I. 

These  data  should  be  obtained  from  the  completion  report  of 
the  work  order,  an  extra  copy  of  which  it  might  be  advisable  to 
lile  with  other  inventory  data. 

The  basis  tor  estim;iting  the  unit  jirices  for  the  cost  of  brick 
wall  removed  (mentioned  on  form  1)  should  be  found  in  this 
completion  report.  A  list  of  the  quantities  involved  should  be 
available  from  the  information  and  plans  in  the  hands  of  the 
engineer  responsible  tor  the  new  addition.  With  this  information 
there  should  be  need  for  very  little  estimating  which  is  not  based 
on  actual  facts. 

The  summary  of  all  such  iiroperty  classified  under  any  par- 
ticular account  for  any  particular  division  or  subdivision  could 
'-'t  on  form  2  and  the  totals  for  that  account  or  division 
— '""  up  the  items,  on  such  occasions 


r 
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Form  1 

AMERICAN    ELECTRIC    CO.— Subsidiary  Co 

DIVISION— Northern         LOCATION— lAth  Si.  Belleville  File  No.  5 

Computer Checker A  pp'd  by ... .  Dale  .  .  Acct.  No.  1 18 

SUBJECT  Substation  Buildings Reference Sheet  No.  1 

{or  other  similar  items  in  Group  A) 


Description — As  origi- 
nally acquired  or  of  ad- 
dition or  withdrawal 


Auth. 

No. 

Date 

and 

acquired 

pag» 

543- 

10 

11)11 

lo85- 

1916 

4 

1586- 

HM6 

4 

1-Substation     Building 

Brickon  concrete fndn. 

Slate  Roof,  etc. 
40'  X  30'  One   Story  & 

Basement. 
Brick  wall  removed 

.'^O'xlH  '  High 

Addition  10'x40' 


Original  cost 

Total    cost 

Est. 

Area — Size 

or  No.  of 

corrected 
to  date  for 

re- 
main- 

units 

Per 

additions. 

ing 

unit 

Total 

etc. 

life 

1200  sq.  ft. 

$2.00 

$2400 

$2400 

50 

20000cu.ft. 

.12 

200 

2200 

45 

400  s«4.  ft. 

2  .50 

1000 

3200 

46  6 

6667  cu.  ft. 

If) 

Explanatory  Notes  on  Use  of  Form  No.  1 

Note  1 — If  any  item  of  property  subject  to  depreciation  is  acquired  subsequent  to  date 
of  first  use,  this  fact  should  be  indicated  together  with  other  information  available  as  to 
original  construction,  date,  cost,  etc 

Note  2 —Remaining  life  of  45  years  is  obtained  by  subtracting  .5  years  elapsed  between 
1011  and  1916  from  50  year  life  first  estimated. 

Remaining  life  of  46.6  years  is  obtained  by  C(jmputing  a  weighted  average  of  12200  at 
45  years  and  J 1000  at  50  years. 

Note  3  -Present  value  on  a  basis  of  straight  line  depreciation  may  be  readily  obtained 
bv  multiplying  $3200  by  ratio  of  46.6  years  to  ,">0  years,  giving  93.2';   and    $2982. 


F«»rm  2 

AMERICAN     electric:    CO  -Suhsiiiiary  0» 

DIVISIOX  Xorthcrn  LOC.XTIOX  Ml  File    .Vo.  5 

CompHlfr Checker \  pp'd  by    DaK 4  ccl.  So    1 18 

Si'BJECr  Summarv  of  Suhstalion  Biitldiugs.  1916  Shrrl  So.  101 

(or  'simitar  item  in  Croup  A) 


Rpf. 

Shrrt 


1 

2 


It'-ni 


SS  Building 
ditto 


L"<  atU'ii 


14th  St.  Belleville 
First  St.   Nutlev 


Date 

orig- 

in ;il!>- 

Cost 

ac- 

to 

quired 

Jan.  1 

1911 

$24<X>. 

1906 

etc. 

C(^st 

\V,t!i- 

to 

•\<i.ieri 

<ir;i\\  n 

Dec. 

31 

11000 

$200 

$3200 

Present  value  ^ 

1 
Dec.  31 


.\mt. 


93.2 


$2982. 


Transferred    to    sheet    No.  1-10 
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AHMK-AS    Bt»CT»lC   CO.-j;«M«.ory  Co. 
P/r/iWX»«»"        LOCATIOS  AU 


1 


1 

y^r. 

t-nst 

^"™" 

W«hdr.«n 

A»,  LifeiAv-  ige 

taf 

K«l 

per 

TuUI 

mul 

uriH 

until 

, 

No. 

iLlld 

10  daw 

dale 

ilmwn 

ted 

•rT 

rv  |4 

1  1   IB16 

MO 

162 

in  WO 

5   I 

2.*00 

17,940 

MM 

2 

moo 

2sr> 

flat 
61   82 

1,^11 

U.HIU 

it'oir 

15 

5.08 

mmhl  he  iiUhdrawn  at  Ihc  avcraee  coil  of  the  250  ihown  al  (he  begmninv  of  the  yeu 

AMERICAN    ELECTRIC    CQ.—SuiiidiaryCo 

DIVISION  Narlhtrn         LOCATION  AU  Fill  No.  S 

CoKipuler..  ..Chril!rT....App-<ll<y..  ..Dalr. Alft  No.  124 

SUBJECT  SuTnmary  o/  Triiiii/Driii*ri— 1916  Shtii  Afo.  101 


Bk- 

Type 

Number  »!  Mml, 

Cost  of  umt5 

1  D«.i\ 

Ptese 
De 

-value 

Htl 

Z"tn 

n.. 

Wi)h- 
Jriiwn 

IM. 

AddcJ 

Jan.  l»l|Arfded 

e.. 

% 

<  6 

Amt. 

1 

J50 

. 

. 

IlS,50o]»2,440 

»32I 

.17.6 

S(6I  S2 

tl3  14 
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Forms  for  Groups  B  and  C 

The  same  forms  are  recommended  for  both  groups  B  and  C, 
but  the  method  of  collecting  the  data  required  is  different. 

For  both  groups  it  is  thought  best  to  use  unit  costs  averaged 
for  the  district  into  which  the  company  chooses  to  subdivide 
its  territory,  say  a  tax  district,  and  for  a  certain  period  of  time, 
monthly,  quarterly,  or  yearly.  The  average  for  labor,  storeroom 
charges,  miscellaneous  material  items,  overhead  charges,  etc., 
would  necessarily  need  to  be  computed  after  the  close  of  the 
current  period  or  the  average  taken  from  the  preceding  period 
and  final  adjustments  made  for  variation. 

The  total  quantities  for  all  items  in  group  B,  for  which  a  card 
record  is  assumed  to  be  made,  can  be  computed  either  from  the 
cards  or  from  the  completion  reports  of  the  work  orders.  Prob- 
ably the  total  could  be  obtained  more  readily  from  the  card 
records,  whether  tabulated  by  hand  or  sorted  and  tabulated 
mechanically  by  means  of  the  Hollerith  system  of  card  records. 

For  all  items  in  group  C,  the  totals  of  both  quantities  and 
prices  would  probably  best  be  obtained  and  reconciled  with  the 
amounts  given  in  the  completion  reports  of  all  work  orders  in- 
volved, although  they  might  be  obtained  from  field  books  or 
street  maps  showing  construction  changes  for  the  required 
period,  or  from  pole  record  and  manhole  record  cards  which 
usually  indicate  the  wires,  cables,  conduit,  etc.,  extending  to 
the  adjacent  units. 

Form  3  shows  method  of  recording  a  group  of  similar  units, 
viz.,  5-kw.  transformers  and  Form  4  shows  method  of  summar- 
izing units  of  various  sizes. 

Forms  for  Group  D 


AMERICAN   BLBCTRIC   CO.—SutMiaryCa 
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% 
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J  79 
3 

IS 
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32 
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AildHiom  IfiiS.. 

I2ie 

77, T 
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Total.  per  iovenlory  IL'-SMfl 
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Compuin . .  . .  Chickir Apfi'd  by. ..    Dan Am.  No.  1 
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T., 

-.l™. 

P^ 

t«1u. 

With 

Dec. 

J»n.  1 

A'lded 

■irawn 

31 

?i 

Amt, 

rju> 

JIh 

n:? 

m-i 

77  7 

JlSfl 

1.41-, 

I. (Ml 

:■,«, 

(.200 

n:<2 

2.B8-..I 

i.'.-Otio 

:;.4-iO 

,«2 

L7.B]S 

74  6 

13.143 

'«■"" 

,:....->« 

jMi 

,!L.u:i4 

77   -, 

16.293 

which  «oul.l  t.c  "liuiiiert  if  m-,rf  enlrifj  wore  ma.l?  nn  fcims  2 
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all  items  be  carried  in  thepropertyaccount ;  and  that  the  estimated 
accrued  depreciation  of  all  such  items  should  be  carried  in  the 
depreciation  reserv^e  account  instead  of  bein^  charged  directly 
to  operation  each  year  and  lost  sight  of  thereafter  as  is  the  prac- 
tise with  many  companies  today. 

A  comparison  of  such  an  inventory  at  the  end  of  any  year 
with  the  preceding  will  indicate  the  total  value  of  all  withdrawals 
and  additions  and  a  proper  adjustment  can  then  be  made  in  one 
lump  sum   between   the  capital   account    and   the  depreciation 


Prtsenttd  oi  tks  820M  muHng  tf  tks  Amtr^ 
can  Instituie  of  BhOrieai  Enginstrs,  Niw  York, 
November  10.  1916. 

Copyright  1016.   By  A.  I.  B.  B. 


GROWTH  AND  DEPRECIATION 


BY  fULIAN   LOEBBNSTBm 


ABSTkACT  OF  Paper 

It  is  generally  assumed  that  a  complex  utility  property  will 
depreciate  to  an  approximately  fixed  per  cent  condition.  This 
is  shown  by  theoretical  and  actual  curves  to  be  incorrect.  It  is 
shown  that  the  manner  of  the  company's  growth  affects  its  per 
cent  condition. 

The  necessity  for  reserves,  the  manner  in  which  they  may  be 
kept  and  the  return  which  should  be  allowed  on  them,  whether 
reinvested  or  not,  is  discussed.  Several  Commission  and  Court 
decisions  are  quoted  to  show  the  tendency  to  disallow  a  return  on 
a  reserve  and  arguments  are  presented  in  refutation  of  the  de- 
cisions. 

The  principal  points  are  as  follows: 

1.  The  condition  of  a  property  is  dependent  not  only  on  main- 
tenance but  also  on  its  growth. 

2.  Property  does  not  settle  down  to  a  fixed  per  cent  condition. 

3.  Capital  is  kept  intact  by  reinvesting  reserve  in  extensions. 
Under  this  condition,  depreciated  value  of  the  entire  property  is 
the  fair  one  for  rate  malcing  purposes. 

4.  For  a  company  unable  to  use  reserve  in  extensions  a  liquid 
depreciation  fund  will  be  necessary. 

5.  The  same  return,  available  for  dividends,  should  be  allowed 
on  a  reserve  as  on  the  remainder  of  the  property. 


IN  THIS  article  the  writer  tries  to  bring  out  the  following 
points: 

First,  to  show  that  the  per  cent  condition  of  any  property  is 
dependent  not  only  upon  the  maintenance  but  upon  the  past 
and  present  growth. 

Second,  to  show  that  under  practically  no  condition  will  it 
be  necessary  to  bring  a  property  back  to  one  hundred  per  cent 
condition,  but  that  it  does  not  settle  down  to  some  fixed  per 
cent  condition  less  than  one  hundred  per  cent.  It  does,  however, 
go  through  a  repeating  cycle  of  conditions,  one  point  in  the 
cycle  being  a  maximum  above  which  it  will  never  risfe.  This 
maximum  point  will  depend  entirely  upon  the  growth  of  the 
property  and  should  be  studied  separately  for  each  property 
under  consideration. 

Third,  to  show  that  under  certain  conditions  of  growth,  a 
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V  N\iii,^  rvMiipans  iicod  keej)  no  liquid  depreciation  reser\'e  fund; 

\\A\  ii  iiia>  ivinvest  the  reserve  in  extensions,  making  renewals 

.1    ilu  \  r(»iiH'  diu*  in  any  j^'iven  year,  from  the  amount  set  aside 

loi   «k  pinialion  reserve  in  that  year,  and  that  by  so  doing  the 

.i(»i  klicUUrs'  t'aj)ital  is  kept  intact,  yet  the  depreciated  value 

oi   (lie  whole  j)roperty  is  the  fair  one,  both  for  consumer  and 
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the  ten.  Table  III  is  for  a  property  the  elements  of  which 
have  a  ten  year  life.  In  the  first  year  the  capital  investment 
is  $1000.     In  the  second  year  the  depreciation  fund  is  used  for 


Lifo— Ten  Y 

D.pKci.tio 

r«erve  not  inve 

>Ud  in  e 

End  of 

CipiUl  in-  i  T 

tal  cap- 

Deduction 

Totd  in 

Percent 

ynr 

C«r  ]" 

turn 

10  Dtpr. 
fund 

from  depr. 
fund 

dw, 

tund 

coridition 

1000       1 

1,000 

100 

100 

80 

2.000 

aoo 

300 

BS 

3.000 

SO 

4.000 

400 

1000 

S.000 

soo 

ISOO 

TO 

1.000 

66 

1000 

7.000 

700 

2B00 

W 

SOO 

3800 

Sfi 

1000      1 

SOO 

50 

D.000 

1000 

6S00 

1000 

1000 

GfiOO 

9.000 

1000 

[1,000 

IDOO 

1000 

ssoo 

45 

5500 

4S 

[(,000 

1000 

eaoo 

0,000 

1000 

1000 

ssoo 

45 

1000 

0.000 

1000 

1000 

5800 

45 

1000 

5600 

45 

ao 

■  ~    1 

0.000 

1000 

1000 

SSOO 

45 

J«          J                            ^^ 

/ 

""  '       /                ^yl 

.  .y            n 

Curve  I — Uniform  Investuent  fok  Ten  Years 


investment  in  extensions  and  enough  additional  capital  is  in- 
vested to  bring  the  investment  of  both  capital  and  reserve  for 
the  year,  up  to  SIOOO.     The  same  procedure  is  followed  each 
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ypHi'  uiilll  nl  itie  cml  of  tlie  tenth  year  the  property  ceases  to 
iinvo  utiy  furlluT  ndditions.  Tabic  IV  is  for  a  property  the  ele- 
niPlIlK  u(  whk'li  hiivi'  a  t«n  year  life.     Starting  with  an  invest- 
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;; 
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90 

80 
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70 
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60 
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40 

z 
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^ 
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W 

SOW) 
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ao 
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50 
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eo 

SIWO 
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eo 

0 
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so 

— 
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0 
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30 
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" 
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TABLE    III. 


■■ 

for   the 

rm.lcap. 

from 
Jepr. 

Toial  n- 
eapiUl 

dtpr. 
fund 

DHuc- 

d.pr. 
(und 

m  depr. 
fund 

cadi- 

\ 

00 

WO 
W 
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.z 
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iOOO 

(100 
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000 

8O0 
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85 
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S5 
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4S 
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45 

X 
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% 

-p 

Lfis 
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1  ~--~..    1 

rr 
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-^ 
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'  ikii» ..  Dn<;H.L  F,.id 

__ 

--'-^    1                 ,                 1       D„IUol.«,™l,         j 

III— Uniform  Ye 


MiiNT  FOR  Ten  Yeae 
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i»v™»rtl     Tnbk  ^'  iJimfs  a  I'K^wty  consistinR  of  two  life  groups  | 
VMlh  *  «(%.1*T  mv»*»w«  e*  fivf  hoiKlirtl  dollars  for  each  of  I 
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total  of  such  investments  for  any  given  year  is  nearly  equal  to 
the  amount  set  aside  in  the  depreciation  reserve  the  year  before. 
This  continues  up  to  and  including  the  tenth  year  after  which 
time  further  investments  are  discontinued,  but  renewals  are 
made  as  each  portion  of  the  original  investment  reaches  the 
end  of  its  life. 

It  may  be  well  here  to  point  out  something  worthy  of  note 
which  developed  in  the  course  of  the  calculation.  It  will  be 
seen,  by  reference  to  Table  V,  that  in  every  case,  the  sum  of 
the  dollars  remaining  in  the  fund  (column  15)  and  the  depreciated 
value  of  the  property  (column  17)  giving  (column  18)  the  total 
value  of  the  property,  is  the  same  as  the  total  capital  expenditure 
(column  6).  This  furnishes  a  short  method  of  calculating  the 
depreciated  value  of  the  property  i.e.  by  subtraction  instead 
of  by  the  depreciation  of  each  year  group.  Take  for  exampjle 
the  tenth  year:  the  long  method  is: — 


Dollars  remaining 
value 

0.00 

250.00 
63.00 

346 . 50 

158.00 

474.00 

282.00 

611.00 

440.00 

770.00 

650.00 

975.00 

900  00 
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1755.00 
1935.00 
2042 . 50 


Per  cent 

Dollars 

remaining 
value 

500 

0 

500 

50 

630 

10 

630 

55 

790 

20 

790 

60 

940 

30 

940 

65 

1100 

40 

1100 

70 

1300 

50 

1300 

75 

1500 

60 

1500 

80 

1700 

70 

1700 

85 

1950 

80 

1950 

90 

2150 

90 

2150 

95 

$17,047.00 


This  $17,047,  the  depreciated  value  of  the  property,  as  ob- 
tained above,  plus  $1953,  the  dollars  in  the  depreciation  fund, 
is  equal  to  the  total  capital  expenditure  of  $19,000.  The  short 
method  is  therefore,  to  subtract  the  dollars  in  the  depreciation 
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rom  the  total  capital  expenditure  to  get  the  depreciated 
of  the  property.     This  method  was  followed  in  the  cal- 
m  of  the  table, 

i  (generally  considered  that  a  property  maintained  in  good 
.ing  condition  will  be  between  70  and  85  per  cent  new. 
I.  WhiLtcn,  in  his  Valuation  of  Public  Service  Corporations, 
sing  depreciation  says,  (Vol.   I,  page  358,  par.  421)  "It 
en  stated  that  a  street  railway  maintained  in  good  operating 
ion  will  necessarily  show  cost  less  depreciation  of  from 
85  per  cent  of  the  cost  new".     That  this  is  an  entirely 
ous  assumption  and  that  the  percent  condition  of  any 
-ty  is  not  only  a  function  of  its  maintenance,  but  also 
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decidedly  of  the  manner  of  its  growth,  is  shown  by  the 
panying  tables  and  curves. 

■■,  now  an  easy  matter  to  jirovc  that  Mr.  Whittcn's  assump- 
;  wrong,  and  also  lo  prove  the  first  point,  which  is  that 
r  cent  condition  of  any  prDperly  is  dependent  not  only  on 
lintenancc,  but  iijion  tl.c  past  and  present  growth.  Refer- 
I  the  tables,  we  sec  thai  in  Tabic  I  and  Curve  I,  where  there 
en  a  imifomi  iiivcstmcnl  over  a  term  of  years  correspond- 
thc  life  of  the  propcrtv,  the  per  cent  condition  varies 
H)  to  45  during  ihat  term,  and  then  stays  at  45  when  the 
ty  stops  growing.  The  per  cent  condition  appears  as  45 
1  of  the  proverbial  50  because,  in  the  calculations,  the 
istcad  of  the  beginning  of  the  tenth  year  is  considered. 
>lc  II  and  Curve  II,  where  there  is  a  uniform  investment 
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over  a  term  of  years  not  corresponding  to  the  life  of  the  property, 
the  per  cent  condition  varies  from  90  to  70,  while  the  property  is 
growing.  After  that  it  varies  in  repeating  cycles  from  70  to  20 
and  back  to  70  again.  This,  of  course,  is  an  extreme  case,  but 
it  shows  the  possibilities  of  variation.  Table  III  and  Curve  III 
show  the  same  characteristics  as  Table  I,  although  in  Table  I 
there  is  no  reinvestment  of  reserve,  while  in  Table  III  there  is. 
Table  IV  and  Curve  IV  show  a  more  compHcated  property  than 
the  others.  Here  the  variation  during  the  ten  years  the  property 
is  expanding,  is  from  about  92  to  about  67.  It  then  goes  through 
a  repeating  cycle  whose  period  is  twenty  years,  varying  from 
67  to  35  per  cent  and  back  again. 

Thus  it  may  readily  be  seen  that  a  company  which  grows  at  an 
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.   VI — Depreciated  Service  Values  of  an  Actual  Pkopertv 


increasing  rate  will  have  a  lower  per  cent  depreciation  in  any 
given  year,  than  a  company  which  grows  at  a  uniform  rate,  all 
other  conditions  being  assumed  the  same.  Furthermore,  if 
both  companies  reach  their  maximum  growth  at  the  same  time, 
thereafter  their  per  cent  condition  will  vary  one  from  the  other; 
first,  because  of  the  discrepancies  between  the  terms  over  which 
the  investments  have  been  made  and  the  life  terms  of  the  groups 
{compare  Tables  and  Curves  I  and  III)  and  second,  because  of 
the  dissimilar  manner  in  which  the  investments  have  been  made 
(compare  Tables  and  Curves  IV  and  V). 

Moreover  this  is  borne  out  not  only  by  the  theoretical  cal- 
culation, but  Curve  VI  shows  this  condition  for  an  actual  electric 
property.    The  company  was  assumed  to  have  reached  its  final 
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growth  on  December  31st,  1913  after  which  date  only  renewals 
w^ere  made.  The  total  service  value  of  all  the  property  was 
apj)roximately  $16,500,000  yet  it  may  be  seen  from  the  curv^e  that 
the  actual  service  value  varies  from  $6,200,000  to  $11, 000,000  or 
from  37.5  jjcr  cent  to  69  per  cent.  Now,  even  supposing  that 
some  of  the  assumptions  as  to  probable  life  are  incorrect,  the 
j)roi)crty  will  still  vary  over  a  wide  range  and  not  be  in  any 
I^opularly  supposed  fixed  condition  somewhere  between  70  and 
85  per  cent.  Curve  VIII  is  for  another  actual  property  but  a 
much  smaller  one  than  that  considered  in  Cur\'e  VI.  The 
property  is  assumed  to  reach  its  full  growth  in  1912,  and  the 
remaining  service  value  is  shown  for  the  next  53  years.  The 
service  value  varies  from  $810,000  to  $370,000  or  a  corresponding 
j)er  cent  variation  from  77  to  35. 
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As  far  as  the  point  just  inade  ijoes,  most  writers  are  aKrei-d, 
but  havinj;  reached  that  aincliisioii  they  claim  that  the  property 
remains  at  a  certain  fixed  cimdition,  the  exact  per  cent  depending 
on  the  maintenance. 

It  is  perfectly  true  that  tlie  entire  projjerty  will  not  have  to 
be  renewed  at  any  one  time  hut  only  in  the  condition  where  there 
has  been  a  uniform  growth  o\'er  a  term  of  years  correspondint; 
to  the  life  of  the  property  (see  Table  I  and  Curve  I)  will  the 
property  reach  a  fixed  condition  and  remain  there  after  the  prop- 
erty has  stopped  Rrowing-  Also,  as  long  as  a  property  is  growing 
whether  unifomiiy  or  otherwise,  there  will  be  a  variation  in  its 
per  cent  condition.  In  other  words,  there  is  an  obligation  to 
renew  \'arying  amounts  of  property  in  different  years  in  the 
future,  and  any  calculation  of  reserves  based  on  an  assumption 
that  because  of  perpetual  life  the  company  will  reach  a  stable 
condition  either  during  or  after  its  growth  is  entirely  incorrect. 

It  will  be  noticed  from  an  examination  of  the  tables  that  while 
the  property  is  growing,  the  per  cent  condition  is  decreasing,  the 
rate  of  decrease  varying  inversely  with  the  rate  of  growth.  When 
the  property  stops  growing  it  has  reached  a  certain  per  cent 
condition  and  thereafter  it  varii's  between  that  condition  and 
some  other,  dependent  upon  the  manner  of  growth.  When 
the  growth  stops  the  property  may  be  at  a  minimum  per 
cent  condition,  as  in  Table  IV  and  Curve  IV,  where  there  has 
been  a  decreasing  rate  of  growth ;  or  at  a  maximum  as  in  Table 
V  and  Cur\'c  V  where  there  has  been  an  increasing  rate  of 
growth.  Tabic  IV  and  Curve  IV  show  that  the  property  will 
vary  between  30  and  ,i3  per  cent,  while  Table  V  and  Curve  V 
show,  in  that  case,  a  variation  of  from  36  to  68  per  cent. 

From  the  above  figures  it  is  evident  that  each  property, 
should  it  stop  growing,  will  go  through  a  cycle  in  which  it  reaches 
a  certain  maximum  condition  less  than  100  per  cent,  this  max- 
imum condition  being  entirely  dependent  on  the  manner  of 
the  property's  growth. 

It  may  be  argued  that  the  writer  has  made  arbitrary  and  special 
assumptions  in  taking  cases  where  the  period  of  growth  cor- 
responds to  the  life  of  the  pr()pcrty,  but  both  Tables  II  and  V 
are  based  on  other  assumptions.  Besides  this,  it  is  worth  bear- 
ing ill  mind  thai  any  property  may  be  divided  into  a  series  of 
groups  in  which  ihe  Investment  term  corresponds  to  the  life 
lenu.  iind  that  each  of  these  groups  will  follow  a  condition  curve 
of  its  own.      For  a  complex  properly,  therefor,  there  would  be 
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a  series  of  such  curves  which  would  ^ive  a  resultant  one.  This 
resultant  curve,  however,  would  also  vary  over  a  considerable 
ran^e.  This  is  borne  out  by  Curves  VI  and  VIII  of  actual 
properties. 

Since  it  will  never  be  necessary  to  renew  the  entire  proi)erty, 
some  of  the  reserve  necessary  to  return  it  to  the  100  per  cent 
condition  may  be  dispensed  with.  It  is  not  correct,  however, 
to  sav  that  since  the  reserve  will  never  be  needed  it  should  not 
be  obtained.  The  stockholder  has  a  right  to  expect  that  his 
capital  be  kept  intact  at  100  per  cent.  How  then  is  the  reserve 
to  be  handled?    This  is  taken  up  as  the  third  point. 

There  are  three  conditions  which  mav  be  used  as  divisions 
for  the  consideration  of  the  layinj^j  aside  and  use  of  depreciation 
reserve.    These  arc: 

1.  Company  j^rowin^^  at  the  great  enough  rate  to  permit  the 
investment  of  all  the  reserve  in  extensions. 

2.  A  company  not  growing  at  a  great  enough  rate  to  permit 
the  investment  of  all  the  reserve  in  extensions. 

3.  A  company  which  is  not  growing. 

Take  the  first  case,  where  a  company  is  growing  at  a  great 
enough  rate  to  permit  the  investment  of  all  the  reserve  in  ex- 
tensions. It  is  clear  that  the  annual  charge  for  depreciation  will, 
in  some  years  be  less,  and  in  some  years  more,  than  the  cost 
of  renewals.  In  those  years  that  the  cost  of  renewals  is  less 
than  the  charge  for  depreciation,  the  difference  may  be  invested 
in  extensions,  and  in  those  years  in  which  the  cost  of  renewals 
is  greater  than  the  depreciation  charge,  it  will  be  necessary 
to  issue  securities  with  the  extensions  made  from  reserve  as  a 
basis,  using  the  money  from  the  securities  for  the  renewals.  The 
securities,  however,  should  not  be  issued  to  an  amount  greater 
than  the  depreciated  value  of  the  extensions.  Wherever  the 
depreciation  reserve  is  invested  in  extensions,  it  is  necessary 
to  keep  a  careful  record  of  property  of  this  class.  It  is  essential 
that  separate  accounts  be  kept  for  capital  investment  and  re- 
serve investment.      The  trouble  in  the  i)ast  was  that  no  attcm})t 
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tvwmr  fund,  ho  ah  to  i>c  nbic  to  make  up  the  deficiencies  i 
other  >«irs.     Thai  mime  money  must  be  so  kept  is  now  < 
for  I'liiiil  onr  pihowR  the  wide  fluctuations  in  percent  i 
iiml  ill  vivii'lv  i^newnlK.     Hrm'  much  must  be  so  kept  will  I 

tH«i-iiB''r.l  iiinh-r  jioint  four. 

Al  I'I'ooi'hI  il  i,s  inicrestinj^  to  ojnsider  in  what  years  the  p 
ili>iiifOiiU,  icqiiinni;  a  security  issue  for  the  first  case  and  a 
«illiill[iwiil  of  money  frtmi  ihe  liquid  reserve  in  the  second  and 
IliUit  hj»Hi-»,  will  fall  In  any  complex  property  there  are  groups 
*>l  lliliit;!.  Iiuvinj;  different  costs  and  different  lives  installed  in 
lilt'  aoTiii-  imd  different  years.  If  the  cost  is  considered  as  ampli- 
I  inlc,  llic  lives  as  frequency,  and  the  years  as  phase  displacement 
it  iiitiy  rt-ailily  be  seen  that  as  different  waves  come  into  step 
riiid  pass  out  again,  peaks  and  valleys  will  occur  In  order  to 
ibu-rminc  the  variation  in  renewal  charges  it  will  be  necessary 
iij  make  tables  and  plot  curves  of  the  future  renewals  in  each 
^roiip  These  cur\-es  will  take  the  same  genera!  form  as  Those 
in  ("ur\'e  VI,  hut  «-ill  be  Ir.r  total  replacement  costs,  instead  of 
remainini;  ser\Hce  \alue  as  shown  there-  If  tables  are  once 
firtnpiled  it  is  a  simple  matter  lo  chance  them  yearly  as  further 
ffxtensi'ins  are  made  in  "he  varinus  rrr-iif?  By  T'.'ir^-;-:;  ;i:.:h 
;i  plan  it  will  be  easy  to  see  whether  or  not  adequate  pro\ision 
is  l*int;  made  for  the  handling  of  future  extensions  and  to  pre- 
dict in  what  years  it  will  be  necessary  to  issue  securities. 

As  described  in  the  intrcductirm,  the  second  portion  of  point 
three  i=  to  show  that  by  rcinveslint;  depreciation  rcser\-e  in  ex- 
ten=ioiis,  the  slockhnldcrs'  capital  is  kept  intact,  yet  the  depre- 
ciated value  of  the  pr'ipcrtv  le  the  fair  i-nc  lor  rate  making 
purposes  both  from  the  point  of  \-icw  of  the  consumer  and  the 
st'tck  holder. 

Table  V  is  for  a  property  in  which  the  depredation  reserv^e 
is  invested  in  cxtonsions.  Lei  us  consider  the  tenth  year. 
Here  iho  total  fX|KTfltturc  '^n  the  property  both  from  capital 
and  rosfr-.-i'  i<  S2.i.l2ll.  which  ha-.dcprcciatcd  to  S17.047,     This 


1916)     LOEBENSTEIN:  GROWTH  A  ND  DEPRECIA  TION  1403 


1404       LOEBENSTEIN.  GROWTH  AND  DEPRECIATION  [Nov.  10 


1916)     LOEBENSTEIN:  GROWTH  AND  DEPRECIA  TION  1405 

sion  of  Alabama  the  special  master  says  (U.  S.  Circuit  Co., 
Middle  Dist.  of  Alabama.  Report  of  Wm.  A.  Gunther,  Special 
Master  in  Chancery,  1911)  *'The  defendants  further  insist  that 
interest  should  be  allowed  on  the  balance  in  the  replacement 
account.    It  is  a  mistake  to  suppose  that  such  a  charge  is  proper." 

Also  in  the  case  of  the  Louisiana  R.  R.  Commission  vs.  Cum- 
berland Telephone  Co..  (212  U.  S.  425)  the  Court  says:  "That 
it  was  right  to  raise  more  money  to  pay  for  depreciation  than 
was  actually  dispersed  for  the  particular  year  there  can  be  no 
doubt,  for  a  reserve  is  necessary  in  any  business  of  this  kind,  and 
so  it  might  accumulate,  but  to  raise  more  than  money  enough 
for  the  purpose  and  place  a  balance  to  the  credit  of  capital  upon 
which  to  pay  dividends  cannot  be  proper  treatment." 

There  are  two  chief  arguments  against  allowing  a  return  on 
the  depreciation  fund.  The  first  applies  only  to  that  portion 
which  is  not  invested  in  extensions.  It  is  to  the  effect  that 
since  the  fund  is  lying  idle,  bringing  no  return,  or  is  at  best 
invested  in  bonds  bringing  a  low  return,  that  this  is  all  the  return 
to  which  it  is  entitled.  The  second  argument  applies  either  to 
the  case  where  there  is  a  liquid  reserve  or  the  reserve  is  inv^ested 
in  extensions.  It  is  to  the  effect  that  since  the  money  for  the 
reserve  is  furnished  by  the  consumer,  he  should  not  further  be 
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tion  reserve  and  since  it  is  lying  idle  we  will  have  to  pay  no 


UW  INVENTURV  ASD  APPRAISAL  (N.jv.  1(9 

DisciigsiON  u\  "The  Effect  of  Re*  ent  DEnsious  on  the 
Work  of  Inventory  and  Appraisal"  (Betts).  "Con- 
TiNors  Inventories:  Their  Preparation  anij  Vaue" 
K'akvrhj  "Growth  and  DEPRBriATioN"  (Loebenstein). 
Xfiw  York.  November  10.  1916. 

W.  B.  Jackson:  I  have  ^)een  very  much  interested  in  this 
mailer  "f  iletailed  inventories  and  aiipraisals.  and  of  the  need  of 
our  electric  prnjierties  and  companies  makin);  the  accounting  of 
materials  and  plant  coextensive,  if  I  may  put  it  thai  way,  with 
the  accounting!  of  the  money  elemenls. 

I  Ijclicvc  that  a  detailed  inventory  and  cost  record  nf  a  puhlic 
ser\'icf  property  is  valuable  in  uivinK  tri  those  in  charge  of  the 
propertv  a  visualization  of  the  ]iro|jerty  which  thev  cannot 
obtain  in  any  other  way.  iMilh  from  the  purely  physical  jjoint 
of  view  and  from  the  point  of  view  of  the  spread  of  the  cost 
over  the  property.  Also  it  ^ives  an  exceptionally  fine  record 
by  which  to  ulitain  the  pro]jer  in  and  out  charge  in  case  of 
changes  and   irnprovements, 

I  believe  that  a  careful  record  of  ajjos  .should  be  kept  of  all 
pro|]iTiy,  fur  statistical  pur]-H>.seM,  but  I  do  not  believe  that  a 
so-c;illi.d  "depR-eiated  value"  or  an  estimated  remaininR  useful 
lifi'  shmild  lie  carried  along  as  a  part  of  the  inventory  and  ap- 
liraisii!  record,  i)ecause  it  is  likely  to  become  seriously  mislead- 
inj;,  inn'inuirh  as  the  estimated  useful  lives  of  the  different  parts 
of  ihe  iirojiLTiy  change  as  the  months  go  by,  almost  a';  the  days 
g(i  by.  and  as  they  change,  so  change  the  estimated  depreciated 

'l"he  Wells  Power  Company,  which  is  now  operated  by  the 
Milwaukee  lUectric  Railway  and  Light  Company,  the  Opera- 
tions of  which  were  directed  by  my  firm  for  many  years,  carries 
■■\  fully  dclailcd  inventory  and  cost  record  of  its  property.  The 
icinrds  are  in  full  cietail,  and  as  changes  arc  made  they  are 
entered  iipnn  change  sheets  in  like  detail  with  the  inventorj'. 
The  change  sheets  cover  the  period  of  a  year,  at  the  end  of  which 
period  the  in\enlory  is  readily  brought  to  date.  These  records 
;nc  considered  highlv  valuable  bv  the  managers  of  the  Wells 
Power  CoTniuitiy  andlhe  Milwaukee  Electric  Railway  and  Light 

.Mr.  I.ocbensleiti's  ]ia|)er  is  uktc  than  aiiytiiint;  else  a  demon- 
shariori  of  ihe  esMemely  uncerlain  features  of  so-called  "accrued 
depreci;iHon."  and  of  the  serious  danger  in  making  it  an  im- 
poilanl  fai'lor  in  delennining  the  \alue  of  a  pro])ertv.  In  his 
coiisideralioii,  he  has  lakcn  the  simplest  possible  assumjuions, 
whii'h  do  noi  agree  with  iiractieal  experience,  and  draws  there- 
from direei  loiiikisions.  i;\en  wilh  this  relatively  simple  and 
acadeinii-  handlinj;  of  ihe  subject,  it  is  easy  to  see  the  uncer- 
laint\  of  the  resulls  arrived  at.  lie  has  divided  the  property 
in(o  i'la-^ses  of  miits.  each  class  being  assigned  a  useful  life,  and 
ihi'v  ;iie  in-aled  as  ilunigh  they  would  actually  behave  as  they 
all-  a^'-umed  lo  behave,  but  lhe>'  will  not  do  so.     Take,  for  ex- 
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ample,  a  plant  having  four  small  steam  turbine  generators,  to 
which,  for  illustration  we  may  assign  twenty-five  years'  useful 
life.  There  is  not  the  least  chance  that  these  units  actually 
comply  with  our  assumption.  At  the  end  of  ten  years  two 
might  be  displaced  by  a  larger  or  improved  unit,  and  after  a 
while  one  or  two  more,  and  so  on. 

Let  us  consider  another  quite  different  character  of  property, 
such  as  wood  poles.  It  is  possible  that  fifteen  years'  useful  life 
may  be  assigned  to  them.  The  useful  life  of  wood  poles,  per  se, 
may  vary  from  six  years  to  twenty  years,  and  the  character  of 
ground  in  w^hich  the  poles  are  set  may  cause  a  variation  of  100 
per  cent  or  more  in  a  fairly  large  system.  And  so  we  might 
analyze  each  class  of  property. 

Thus,  when  we  superimpose  the  uncertainties  and  complica- 
tions arising  from  the  variables  which  are  found  in  ])ractise  upon 
Mr.  Loebenstein's  complex  but  relatively  simple  computations, 
we  have  a  result  upon  which  one  certainly  cannot  predicate 
values  with  any  reasonable  degree  of  confidence. 

Let  me  state,  however,  before  closing,  that  where  there  are  no 
figures  developed  from  actual  operation,  the  best  estimate  of  the 
amount  of  annual  appropriation,  over  and  above  current  main- 
tenance and  repairs,  that  is  necessary  for  deferred  maintenance 
and  renewals,  can  be  obtained  by  the  use  of  methods  in  the 
general  line  of  those  outlined  by  Mr.  Loebenstein,  but  such  year 
by  year  estimates,  which  may  and  should  be  revised  periodically, 
are  very  difl'erent  from  formally  predicating  the  value  of  the 
property  on  figures  dependent  upon  such  calculations. 

G.  W.  Whittemore:  In  the  consideration  of  this  subject  it 
mav  be  worth  the  few  moments  necessarv  brieflv  to  recall  tlie 
several  meanings  of  the  term  "depreciation",  as  it  is  generally 
used. 

In  Webster's  Dictionary  the  word  depreciation  is  given  two 
meanings,  \^iz: 

1st  "The  act  or  process  of  depreciating",  that  is.  the  lessening 
in  value  of  one  kind  or  another. 

2nd  "The  condition  of  being  (le])reciated",  or  of  having  suf- 
fered a  loss  in  value. 

An  act  or  process  mav  dilTer  from  a  state  or  condition  merely 
as  a  cause  difTers  from  its  effect.  Vet  the  two  meanings  in  this 
case  are  so  lacking  in  identity,  and  the  methods  of  exi)ressing  or 
measuring  them  so  far  ai)art,  that  the  distinctions  to  be  made 
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ju      i     I   !  n>,  the  limited  (and  not  un- 

r     1    f  u    lilnc       I  the  particular  property  in  mind 
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In  place  of  the  term  anticipated  or  theoretical  depreciation, 
when  the  reference  is  to  the  act  or  process  of  depreciating,  the 
uniform  system  of  accounts  prescribed  by  the  Interstate  Com- 
merce Commission  for  the  use  of  the  telephone  and  telegraph 
companies,  employs  the  term,  the  "expense  of  depreciation." 
Therein  these  words  are  defined  as  follows: 

(a)  The  losses  suffered  through  lessening  in  value  of  the 
tangible  property  from  wear  and  tear  that  are  not  covered  in 
any  prescribed  account  covering  current  repairs. 

(b)  Obsolescence  or  inadequacy  resulting  from  age,  physical 
change  or  supercession  by  reason  of  any  inventions  or  discoveries, 
change  in  public  demand  or  public  requirements;  and 

(c)  Losses  suffered  through  destruction  of  propertv  by  ex- 
4- i: — ,,„u:^^ 
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C(nirlil.ii)!i  ur,  an  tht  atcnunlinE  system  mentiuiied  above  lerms  it, 
the  "strucliirjil  value"  of  a  ]>ruperty  These  terms  take  into  ac- 
ciiunt  such  accrued  depreciation  as  may  be  determined  upon  as 
at'tuftUy  existing  in  any  particular  plant.  As  thus  used,  accrued 
(lf[>r['ciation  is,  therefore,  an  attempt  to  measure  past  effects,  as 
a)itiei|jated  depreciation  is  to  forecast  future  ones.  The  former 
undertakes  to  state  what  shrinkage  in  value  can,  as  a  fact,  be 
found  in  any  property  not  new.  The  latter  endeavors  to  predict 
the  amount  of  loss  that  will  still  take  place  in  any  property  and. 
to  the  extent  that  the  same  can  be  approximated,  the  period  of 
time  over  which  such  losses  will  be  spread. 

Perhaps  the  distinction  which  it  is  important  should  be  recog- 
nized Ijetween  the  act  or  process  of  depreciating,  whether  called 
anticipated  or  theoretical,  or  the  expense  of  depreciation,  and  the 
state  or  condition  of  being  depreciated,  as  covered  by  the  exist- 
inu  accrued  depreciation  of  any  property,  whether  physical  or 
functional,  can  best  be  obtained  from  the  accountinf;  point  of 
view  as  shown  in  the  prescribed  system  of  accounts  already 
mentioned.     Therein  it  is  clearly  shown  that; 

(a)  The  expense  of  depreciation,  or  its  equivalent  terms. 
refers  to  the  future;  accrued  depreciation  to  the  past. 

(b)  The  expense  of  depreciation  is  concerned  with  the  oper- 
atintj  exjjense  accounts;  accrued  depreciation  with  the  fixed 
capital  accounis. 

(cl  The  measure  of  the  expense  of  deiireciation  is  that  best 
estimate,  liased  upon  experience,  that  can  be  made  as  to  the  rate 
at  which  it  seems  likely  capital  will  be  consumed  in  operations 
in  the  future:  the  measure  of  accrued  depreciation  the  best  esti- 
mate possible  to  make  of  what  amount  of  such  capital  consump- 
tion has,  as  recognizable  facts,  already  occurred  in  the  plant  as 
it  exists  at  the  time  of  the  inquiry. 

(d)  The  time  to  which  such  expense  of  depreciation  is  to 
api)ly  is  the  remaining  life  of  the  physical  property;  accrued  de- 
preciation to  its  expired  life.  During  each  such  year  that  the 
property,  or  any  portion  thereof,  will  continue  in  use,  the  effort 
is  to  assess  the  company's  earnings,  in  the  form  of  an  expense  of 
de])recialinn,  such  uniform  amount  as  will  distribute,  as  nearly 
as  may  !«■,  evenly  throughout  the  life  of  the  depreciating  prop- 
erly, the  burden  of  repairs  (exclusi\'e  of  current  repairs  for  which 
provision  is  made  under  another  account)  and  the  costs  of  capital 
consumed  in  ojierations. 

Both  branches  of  the  subject  of  depreciation  into  which  it  has 
been  above  divided  are  involved  in  appraisals  and  in  rate  investi- 
gatinns  bef'ire  commissions  and  courts. 

One  of  the  questions  asked  by  commissions  about  any  prop- 
erty whose  fair  value  they  may  be  trying  to  determine  is  this — 
"What  is  the  reproduction  cost,  new,  of  such  property?"  Such 
question  being  assumed  to  have  been  satisfactorily  answered,  the 
commission  can  then  be  regarded  as  saying  something  like  this. 
"We  have  now  been  told  what  the  propert y^woutd  cost  if  ere- 
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ated  at  this  general  time,  and  if  it  were  all  new.  As  a  matter 
of  fact,  we  know  it  is  not  all  new.  Let  us  remove  this  limitation 
as  to  newness.  Now  advise  us  as  to  how  much  less  valuable 
this  property  may  be,  from  the  standpoint  of  how  much  less 
quantity-of -service  of  a  proper  quality  it  may  contain,  than 
would  be  a  property  entirely  new. 

The  difference  between  the  two  amounts,  as  understood,  would 
be  the  accrued  depreciation  that  could  be  said  to  reside  in  such 
property,  and  which  question  was  raised  in  the  Idaho  case  re- 
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,.     ^Tl,.  meakins,  it  is  iK-fcvcJ  ihat  the  influoin  of  grcnnb 
OtnwallS  "IW""  «■       ^  j      I   n„|  „,„  ,a|;j„  j„„  sufficient 

•"'"^rt^P"^  """'^•"""^  •"'  ■"  "»  «"'«^'' 
artwuni  "lliiK-  tnrt  wilh  >"  uflual  cases,  and  one  which  is 
characwr  "^"JJ^^i^Mf  «.„!  frequent  additions  of  new  de- 
thf  ''"  '5*^ --^jv  nil  mniii'K"'  ^  t'cndition  nearer  newness  than 
'""^u*  i*ftpwv  »»■■«  mvivinj;  such  additions;  so  that,  with 
'"^^  "  ^'(j^rt«*P(>.'*»H>l  i-HiiUition  of  a  property,  either  as  to 
^^^^*^*  !L  ,ifn^  w»  w«  «'!  average  condition  for  any  period, 
*  '^T'Wi  N  «iw  """  account. 

"^o^     fvrtty-fwv-  *l  any  attempt  to  test  the  reser\-e  fw  de- 

■t'./J  ^^  ^  ^)f,«  \»l  lIiL-  total  plant  in  existence  at  the  present 

^Tv  *'^vN^  *■**■  '''^'""'""t  of  growth  must  here  also  be  gi\-en 

'''\      -  -i,'"-.       Ifii'  amount  in  any  reserve  of  depreciati'^n  is 

iv  A  lifiliik'  of  rates  for  the  expense  of  depreciation 

i..»i  (MA'viiiusly  been  in  effect,  and  which  rates  have 

.      V- |tiii]HTly  previously  in  existence.     Any  drafts  or 

.-.  Ua\'f  lifcn  made  against  such  reserves  have,  as  a 

.  .■.■MlmTi,  fitfn  on  account  of  property  old  enough  to 

.,     ,.l  u  i-rmdition  where  major  repairs,  replacements. 

,  .    .\,    ImvL-  trt;come  necessary-.     Properly,  therefore,  the 

,  .,     ,  .'.  Ill  mill  rc-ser\'cs  should  be  related,  as  a  ratio,  only  to 

Ihti  |.in'tviiv  which  was  in  existence  when  such  reser\*e  was  be- 

li,.  .iv\Uiiill!iit'''l       To  refer  such  a  reserve.  SO  accumulated,  to 

,1.     iiUu<  |)!ij|j(.Ttv  which  mi^ht.  [>erhaps,  include  recent  addi- 

it.ii.   iMniltl  result  in  a  lower  percentage  of  reserve  to  any  plant 

.!i.ui  i\i<iilil  have  been  the  case  if  the  ratio  had  been  obtained 

iiiinu-  ilii'  additions  referred  to  had  been  made.     In  other  words, 

Liiilvaa  1  111-  element  of  growth  be  taken  into  a  proper  account,  any 

ii.iiL|tiiiiMiti   of   reserve   for  accrued   depreciation   to  the  total 

^pu^^ll■lll   |iroj)erty,  or  any  comparison  of  the  effects  of  any  par- 

Uiiiliir  schedule  of  depreciation  expense  rates  to  charges  being 

iiiinlc-  Ln  the  reserve  for  realized  depreciation  to  cover  concurrent 

iiiit|i.r  repairs,  replacements,  retirements,  etc.  may  lead  one  into 

^rrious  error. 

(Jthur  elements  beside  growth  have  their  effect  upon  depre- 
i  ijilion  in  one  of  its  phases  or  the  other,  and,  as  such,  should  be 
jMven  their  proper  weit;ht.  Among  such  other  influences  might 
!«■  mi;ntioned  any  tendency  which  may  be  present  to  substitute 
tlic  lonj^tr  lived  elements  of  !i  plant  for  the  shorter  lived  ones  now 
ill  jjlacc;  another  one  might  be  improvements  in  design  or  engi- 
neering which  would  [lermit  of  necessary  growth  or  enlargements 
without  as  extensive  removals  of  previously  existing  plant  as  had 
before  been  necessary.  Other  influences  might  also  be  men- 
tioned which  would  have  their  effect,  either  upon  the  expense  of 
depreciation,  or  upon  the  accrued  depreciation  at  any  time  in  a 
projjert\' . 

The  value  and  purpose  of  computations  such  as  Mr.  Loeben- 
stein  has  maile  are  to  be  found,  of  course,  in  their  demonstration 
of  the  effects  that  such  elements  can  have  in  supposed  cases. 
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In  all  instances,  however,  in  which  they  enter  they  have  some 
effect.  And  such  elements  have  their  effect  even  in  those  in- 
stances, not  mathematically  to  be  analyzed,  where  the  actual 
property  may,  as  in  cases  in  mind,  consist  of  30  or  more  subdivi- 
sions, each  of  which  relates  to  a  different  kind  of  property,  each, 
subject  to  its  own  rate  of  growth  or  replacement,  large  or  small, 
which  growth  or  replacement  may  be  quite  irregular  one  year  as 
against  another;  and  which  property  subdivisions  may  be  con- 
sidered to  have  expectations  of  life  ranging  all  the  way  from  land, 
which  is  supposed  to  have  no  life  limit,  or  vitrified  clay  conduit, 
whose  life  is  indefinite,  to  other  portions  of  the  property  which 
may  require  renewals  every  five  or  six  years. 

With  respect  to  the  relation  of  accrued  depreciation  to  the 
base  upon  which  to  allow  a  fair  distributable  rate  of  return :  as 
understood,  Mr.  Loebenstein  regards  as  unfair  for  such  purpose 
any  base  obtained  through  the  deduction  of  any  reserve  for  de- 
preciation from  the  depreciated  value  of  the  property.  Probably 
few,  if  any,  will  dissent  from  this  view. 

If  the  reserve  for  depreciation  be  deducted  from  anything,  it 
would  be  nearer  correct  to  subtract  it  from  the  undepreciated, 
instead  of  from  the  depreciated  value  of  any  property,  whenever 
the  problem  under  determination  be  the  proper  base  upon  which 
to  allow  a  fair  distributable  rate  of  return. 

And  even  in  this  case,  such  deduction  of  the  reserve  from  the 
full  100  per  cent  value  of  the  property,  new,  would  not  be  based 
upon  any  consideration  of  depreciation,  as  such.  Rather  would 
it  be  founded  upon  the  recognition  of  a  divided  equitable  owner- 
ship in  any  property  owing  its  existence,  in  part,  to  any  depre- 
ciation reserve  derived  from  the  rate  payers,  and  which  reserve 
had  been  set  up,  specifically  as  such,  in  the  company's  accounts. 

For  the  reserve  for  accrued  depreciation,  under  the  prescribed 
accounting  system  above  referred  to,  can  be  regarded  as  amounts 
still  standing  to  the  credit  of  the  rate  payers,  and  representing 
specific  provision  by  them  for  losses  estimated  as  currently 
accruing  in  the  property  while  they  had  been  enjoying  service 
from  it.  In  time,  such  credited  amounts  will  assist  in  covering 
future  major  repairs,  replacements,  or  ultimate  requirements  of 
such  property.  Meantime,  it  is  being  held  by  the  company,  in 
some  asset  form  or  another,  and  offset  by  a  special  liability  ac- 
count showing  the  amount  of  such  special  assets,  as  a  part  of  the 
total  assets  in  the  company's  possession,  until  such  major  re- 
pairs, replacements,  or  retirements  become  necessary  or  econom- 
ically justifiable. 

Until  the  amounts  in  such  reserve  are  actually  absorbed  for 
the  purposes  for  which  they  had  been  collected  from  the  con- 
sumers, it  would  seem  correct  to  regard  the  equitable,  although 
not  the  legal,  title  to  the  portion  of  the  assets,  in  dollars,  repre- 
senting such  amounts,  as  residing  in  the  rate  payers. 

As  thus  viewed,  therefore,  if  from  the  total  assets  held  by  the 
company,  taken  at  100  per  cent  of  their  full  value,  there  be  de- 
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ducted  that  portioo  of  the  assets,  also  talKn  at  100  per  cent  of 
ther  i-ahie.  rwrw.  owing  their  existence  to  the  reserve  for  accrued 
deprecia^KTR  as  it  may  then  stand  in  the  accotmls.  the  remaiimig 
assets  would  represent  those  held  by  the  company,  free  mnn  any 
stKh  equilahk  claim  at  the  creators  of  the  accrued  depreciation 
reserve 

Whether  any  further  deductions  ^ould  be  made  from  a  base 
derived  as  in  the  preceding,  in  the  case  of  the  utility  arhich.  in 
the  past,  had  enjoyed  earnings  su^ciently  ample  to  make  fall 
prc.\n5ir,n  for  any  reser^'e  for  depreciation  up  to  the  amount  of  the 
real  existing  accrued  depreciation  in  itj  property,  but  which  had 
failed  so  tn  do;  or  whether,  on  the  other  hand,  as  items  perhaps 
in  its  "going  value",  any  addition  to  such  base  should  be  made 
in  the  case  of  the  company  which  had  made  pro\'isio[is  to  its 
reserve  for  depreciation,  but  had  been  compelled  to  do  so  in  the 
face  of  inadequate  distributions  in  the  past  to  its  owners,  would 
seem  to  be  separate  questions— along  with  others  which  could 
be  raised  in  this  connection — for  separate  determination. 

David  B.  Rushmore:  There  is  one  point  concerned  with  de- 
precia'.i'jn  which  I  have  never  heard  mentioned  in  any  discussion, 
and  which  E  belieie  has  not  beer,  taken  in  consideration  by  com- 
ntissions  or  engineers  in  determining  the  proper  figure  for  de- 
predation. Depreciation  is  an  attempt — and  it  may  be  a  very 
unwise  attempi — to  gTies=  what  the  future  has  in  store.  An 
attempt  is  V"  ■  —  '  -  '■  -  -'  ■■-.''••.  :  ■'-.  —-■-:.;  invested 
intact  by  tr ;,        .,  , 

When  we  are  thinking  of  value,  what  arc  we  thinking  of?  We 
say  that  the  tapiia!  must  remain  the  same,  but  value,  as  it 
really  exists,  exists  only  as  regards  the  necessities  of  life,  and  the 
point  which  f  have  never  seen  considered,  and  on  which  I  would 
like  \cry  much  to  hear  an  expression  of  opinion  is  why  should 
not  the  factor  of  ;;ol(1  depreciation  be  considered  in  connection 
wiih  the  subject  of  the  depreciation  of  property? 

In  the  perii-rfi  of  fifteen  years  from  IIXXI  to  19Io  gold  depre- 
ciate'! '.n  the  avora'^e  -3^  per  cent  a  year,  and  the  man  who 
ha'i  hi>  money  in  the  savings  bank,  that  was  paying  that  much 
interc"^t.  wa^  just  keeping  even  in  his  position,  while  in  the  case 
of  a  man  who  owned  bonds  which  paid  interest  of  Sj  per  cent, 
a-  some  f.f  them  do,  approximately,  he  was  not  getting  ahead  at 
all,  Nov.-,  we  are  for  the  present  moment  existing  under  very 
abnormal  conditions  of  economics,  of  finance,  of  trade,  and  ap- 
parently we  are  goiny  to  return  to  the  same  condition  of  gold 
'Ifprei-ialion.  Therefore,  why  should  not  the  permanent  value 
oi  the  properly  be-  measured  in  the  value  of  the  commodities 
whi'h  make  up  the  necessities  of  life,  and  not  in  something 
whieh  repre'-ents  a  medium  of  exchange  or  something  which 
re[.ri  ^f  ills  an  anififial  value,  and  which  is  not  in  it.sclf  fixed. 

Edward  J.  Cheney:  As  Dr.  Betts  has  very  well  said,  it  is 
ni(e--ary  inr  us  to  abide  by  the  decisions  of  the  courts.  It  is 
also  entirely  jiroiicr  tlial  we  should  respect  those  decisions.     I 
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think,  however,  that  the  courts  themselves  are  quite  willing  to 
be  educated  along  the  lines  of  these  questions,  which,  because 
of  their  newness  and  complexity,  are  very  perplexing  to  the 
judges.  We  should  not  be  bound  too  rigidly  by  decisions  with 
w^hich  we  do  not  agree,  but  we  should  by  just  such  meetings  as 
this,  endeavor  to  clarify  the  situation  and  enunciate  proper  prin- 
ciples. No  one,  I  think,  is  so  well  qualified  to  put  the  matter 
in  proper  shape  as  engineers,  who  deal  with  the  physical  prop- 
erty and  with  actual  operating  conditions. 

It  is  true  that  a  great  deal  of  stress  has  been  laid  on  reproduc- 
tion costs  in  valuation  and  rate  cases  of  one  sort  and  another, 
but  that  has  doubtless  often  come  about  because  in  such  cases 
accurate  records  of  the  investment  cost  were  not  available.  I 
believe  that  when,  as  will  in  the  near  future  be  the  case,  records 
are  available  which  show  exactly  what  was  spent  for  the  prop- 
erty; and  assuming  that  the  investment  was  honest,  prudent  and 
timely;  the  money  actually  put  in  by  the  investors  will  be  the 
proper  basis  for  estimating  a  return  in  rate  cases;  and  if  so,  it 
certainly  will  be  the  proper  basis  in  purchase  and  sale  cases. 

It  is  a  little  bit  off  the  subject,  but  I  want  to  take  this  oppor- 
tunity to  register  my  emphatic  protest  against  the  use  of  two 
terms  which  are  very  commonly  employed  in  connection  with 
this  subject.  One  is  "going  concern  value".  It  is  entirely  mis- 
leading. I  do  not  question  at  all  the  justice  of  including  some- 
thing for  those  items  which  are  ordinarily  included  in  the  term, 
but  the  term  itself  is  wrong.  A  public  utility  has  no  right  to 
earn  a  return  on  an  indefinite  "going  concern  value"  any  more 
than  it  has  a  right  to  earn  a  return  on  what  some  liave  main- 
tained was  the  franchise  value.  On  the  cost  of  establishing  the 
business,  on  inadequate  returns  in  the  early  stages,  and  on 
similar  items,  it  has  a  right  to  expect  a  return,  but  let  us  call 
thein  what  they  are.  The  expression  "cost  of  establishing  the 
business"  is  more  nearly  correct,  in  my  opinion,  than  anything 
else,  and  seems  much  preferable  to  "going  concern  value". 

The  other  term  which  I  object  to  is  "contractors'  profit". 
How  many  estimates  we  see  with  a  percentage  tacked  on  for 
"contractors'  ])rofit"!  I  maintain  there  is  no  such  thing.  The 
percentage  a  contractor  gets,  over  and  above  labor  and  material 
cost,  is  to  ])ay  his  overliead  exi)enses  and  to  ])ay  him  for  his  own 
services.  He  makes  no  profit.  He  may,  it  is  true,  make  money 
on  one  job,  but  on  another  lie  will  lose,  and  in  the  long  run  he  gets 
only  enough  to  keep  him  in  business,  and  the  ])crcentage  is  not 
a  profit  l)ut  an  item  of  expense.     "Overhead  expenses  of  con- 
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I  tiHiii<-'t  I"  "l^fMBU  o^jsases  aais  -laa;  =  15  lie 
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vrscb^  TT^j  %ezid  -^  Jesse::  ihe  tTjac 
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■,■■:,■>.■  •j-a':  r-a;  -.*-.^.'^r:rA  -.c  ~-:s:  ce;;:>  ihen  ttjq 
vr!T.-..-r;/  ar.'i  a7.^rai£il  is  :ha:  :he  5.:le  7-crrose  has 
-."•.  a;  '.:'   v.rr.e  .ivrr:  di:e   ■.he  ::-^  amoczt  of 

.v'.\  v.-  ZTS^£.\r.i  ar.  i.'ver.t-.r--  ar.i  artraiial  ot  a 
-;  '.-'.'^'^''/.-.H  '.■  ,~.'.&--.t^  f-.r  year;  r.ave  k=c;  a  ctm- 

■■/-.-■.■  ::  hai  ;r:tcr:y.  ar.i  h-:"^  r^uch  it 
■■.T--        '  -  :  ■:  ■,:'  a  '.t-r-air.  -ir.arartcr  :;■  a  certain 

,  :  -,:  '.:.■:  -.a",-.;-  ■■.r.:  .t.'~   _;  :r.--  : 'ar.:  as  :hey 

■.    irr.  ::..         ■■,:'  ar.y  cor.-.rac-.or'i  buiir.eii      ^"hy 

:    ■^:.  ■,^:  i!;  ■:-  ":,-.-  rr.ac-i  'jI  :r.c  cor.i'.ruc'.ion  costs  of 

,■-■■.;,£.:.;.■•     Th^  keeoir^K  "^t'  =-'-'"  ir.vcr. Tories,  and 

:■"    'r.-:  -.t.-.-.zX'.t:  of  the  proper.y  the  ccst  of  the 

;  '■  :--r-y.  ■.■,',■.::']  kad  to  an  ana'.ys:;  of  the  unit 

■:'.■:.  J-..'.  ■.'.■h:'.h  '-vjuld  sho^^  whether  or  not  the 
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extensions  were  constructed  in  the  most  efficient  manner  pos- 
sible under  all  of  the  circumstances.  Such  an  analysis  might 
lead  to  better  methods  of  doing  the  work.  It  might  lead  to 
doing  the  work  at  different  times  during  the  year,  or,  instead  of 
doing  it  in  certain  piecemeal  methods,  without  knowing  just  how 
much  would  be  done,  it  might  lead  to  doing  it  in  a  more  sys- 


.         .        1       lyp  APPKAISAL  IN..V- «!■ 

^  ViW  rtw^-1  of-  *  E"«P  "^  enterprising  people 
'*f~T^r'  ^^^  ^  tjHcr  J«rt  of  ^'e«  Jersey  and  formed  eleven 
*^  ,wBWiTTr -ni  Ttf  towns  and  \-Ul^es  seized  by  the  rail- 

"■**  '"^  \j  »vwU  im5l«Wy  comieci  «-iih  the  proposed  tunnel. 
'^J'  *.  "^  J3J  ^.flffimmes'were  later  consolidated  into  one  gas 
'^  n  m-iiia  Uise  ttmtral  plant,  which  was  built  at  a  central 
(\>mi«  * .  fj^  (y^n  ilelivcred  for  a  number  of  years  frwn  that 
y^MTii  *^  £^  ■  Jq  (J^  licfign  of  that  plant,  care  was  taken  to 
'^"'ihMi  iJwre  wms  cajiaciiy  for  several  times  as  many  people  as 
***  found  in  liw  terriiorj-  at  the  present  time.  «4ih  a  view  to  a!l 
h  who  mtitht  have  been  found  in  that  temtorj-  today,  if 
ihariunncl  pivjcci  had  gone  through. 

ISlow    i  submit  this  question,  and  I  will  leave  it  to  you  to 

niwcr  it-  «i'uW  ■'  ^  **'''  ^od^V  ^^  ^V  ^l^^^  the  people  now 

*   \"cd  «'i''i  f;"*  '"  ^'^^''  ^^"^^*'''y  should  be  charged  rates  that 

BVHild  L-ii'*'  8"  adequate  return  on  the  value  of  the  plant  which 

i-onslTU'''"!  and  designed  for  several  t  mes  as  many  people 

'      j,,,^-  uiakiiiK  use  of  it  ?     In  all  probability,  if  the  promoters 

.  f  Ji,-  wlirmt'  had  thought  that  the  tunnel  was  not  going  through 

this  cs'  r»nipany  would  never  have  been  formed. 

The  pi'iiil  "f  ■'  ^"  '^  this:  That  a  company,  before  it  obtains 
R  pr'iivr  number  of  customers,  is  in  such  a  developmental  stage 
t  hfl'  t'  '"  intl>racii cable  to  collect  charges  based  upon  a  schedule 
o(  rnto*  I'i'i''  would  return  a  profit  when  the  company  is  very 
sni.ill  I'll*'  large  i;a5  company,  to  which  I  have  referred.  15  in 
fini  ili;i(  jiosition.  It  must  build  its  business  up  to  a  point  where 
\x  nil!  lil  the  plant  which  it  has.  before  it  can  say  to  the  customer 
,I,n'  'III'  rales  must  furnish  a  return  on  all  its  investment. 

'riuTc  is  one  thing  which  should  be  referred  to  in  this  discus- 
cjiiii,  ami  that  is  as  to  the  power  of  the  courts.  The  power  of 
till-  lonris  seems  to  be  misunderstoo<l  by  some,  in  this  way: 
II. nils  liavc  never  had  and  do  not  now  have  the  power  to  fix 
intrs.  The  court.i  have  the  jiower  to  prevent  confiscation,  and 
In  prevent,  from  the  other  standjjoint.  the  collection  of  unreason- 
jiMc  rates.  Probably  all  of  the  cases  which  have  gone  to  the 
SiiiTcme  Court  of  the  United  States  have  gone  there  i>ecause  the 
roinpany  contended  that  its  property  was  being  confiscated,  and 
wliL-n  the  courts  have  held,  as  they  have  in  some  of  the  cases, 
ihat  such  returns  as  '-i.h  and  4  j)er  cent  were  not  a  sufficient  basis 
for  throwing  the  case  out  of  court  and  declaring  the  rates  im- 
jtropcr.  these  decisions  were  based,  not  on  the  idea  that  such  rates 
of  return  were  aderjuaie.  in  anv  sense,  but  that  thev  were  not 
eonfKstatMry,  That  is  all  these  decisions  have  ever  said.  The 
court  I  an  also  determine  whether  the  customers  themselves  are 
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The  customers  affected,  on  the  other  hand,  appealed  to  the  court, 
saying  that  the  rates  fixed  by  the  commission  were  too  high,  and 
and  involved  collecting  from  them  exorbitant  charges.  In  that 
case  the  court  did  not  pass  on  the  facts,  it  determined  that  the 
facts  had  been  passed  on  by  the  Commission,  and  the  lower 
court  decided  it  was  neither  confiscation,  considered  from  the 
one  direction,  and  did  not  say  it  was  charging  an  exorbitant  rate, 
considered  from  the  other  direction. 

Harry  E.  Carver:  In  reference  to  the  point  Mr.  Jackson 
brought  up  about  the  accrued  depreciation  on  each  item,  you 
will  notice  that  Forms  1  and  3,  which  constitute  the  Continuous 
Inventory  Records,  did  not  provide  for  the  computation  of  the 
accrued  depreciation  on  each  item.  They  do,  however  provide 
space  for  recording  data  from  which  the  accrued  depreciation 
may  be  computed  at  any  time  it  is  desired.  Hence,  if  it  should 
seem  advisable  at  any  time  to  compute  depreciation  upon  a  d\(^ 
ferent  basis  than  that  upon  which  it  was  previously  estimated, 
the  continuous  inventory  record  would  not  be  changed  or  al- 
tered in  any  w^ay. 

In  connection  with  this  subject  some  of  you  may  have  read 
the  paper  on  "Continuous  Inventories",  which  was  presented  at 
the  last  meeting  of  the  American  Electric  Railway  Association, 
held  in  Atlantic  City,  in  which  forms  were  worked  out  for  each 
item  year  by  year.  I  believe  that  these  forms  were  made  up  in 
this  manner  because  the  taxing  officials  in  New  York  State,  and 
perhaps  in  some  other  states,  require  reports  each  year,  in  which 
information  must  be  given  as  to  both  cost  and  the  present  value 
of  property  in  considerable  detail.  If  the  depreciation  is  to  be 
computed  each  year  it  seems  that  practically  double  work  would 
he  required  in  keeping  the  inventory  records,  because  for  every 
item  of  proj^erty  there  will  have  to  be  an  entry  made  every  year 
on  the  continuous  record;  whereas,  if  a  sumnary  only  is  made 
every  year,  the  calculation  as  to  the  depreciation  could  probably 
be  made  covering  a  group  of  items  and  thus  the  amount  of  work 
would  be  greatly  diminished.  For  that  reason,  and  because  of 
the  great  amount  of  estimating  necessary  in  figuring  depreciation, 
it  seems  to  me  it  would  hardly  be  advisable  to  attenipt  to  make 
any  de])reciated  values  a  part  of  the  continuous  inventories 
record. 

W.  R.  McCann  (by  letter):  It  is  to  l)e  inferred  from  a  careful 
reading  of  Mr.  Betts'  paper,  tliat  the  author  submits  tlie  hold- 
ings of  the  courts  to  sanction  only  a  reproduction  metliod  of 
valuing  public-utility  property,  to  the  utter  exclusion  of  all 
other  methods.  It  is  the  belief  of  the  writer  that  the  correct- 
ness of  such  a  deduction  is  to  he  challenged.  In  sui)i3ort  of  a 
contrary  view,  it  may  be  well  to  examine  one  or  two  typical  court 
decisions  which  apparently  may  be  construed  in  accordance  with 
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>.iu>l  U«4*\'liHtkK'  iMlVH  aliouUl  Itc  fuwd  uoiv  aflcT  there  Lave  beenf 
1.1  .vs'iuiitt'tl  lliu  tinifiiuil  cMt  of  ccmstntction.  the  amoont  « 
i>tii<U>i  111  in'tiiiaUviU  iin|>rov«nenis.  the  amount  and  i 

^uliit'  >il  lU  liuiiiU  and  MiimtIc.  the  {fre^nt  as  ccmpared  nith  t 
iiiit.iitul  'UMi  iif  L'i>niitnictt/)Q.  the  pn>bab]e  eanun^  capacity  < 
llii>  |in<|ii'rtv  uiKlt-r  |«irtirtilar  rates,  the  sum  required  to  c 
(juiiiivii,  and  othtr  maiieis.   Certainly  the  < 
Hyih  vi   A  mti  ducfl  not  «i;>port  the  exciusion  of  other  evidence 
•>l  vuliui,  in  tavur  ui  a  rcitroductiaii  method  as  the  sole  and  only 
oirmt  ihtfiry 

'rill-  liJi>Mi  li  the  claims  that  the  courts  favor  a  reproduction 
iht^'Ty  Is  (<»un(i  in  the  language  of  certain  judicial  opinions — in 
laiiKiiii^i-  which  is  tX(n>trut"ted  to  mean  differently  from  what  is 
ULuall)'  stated  Pot  instance,  in  Des  Xloints  Water  Company. 
lu    C'ily  of  Dei  Sloinei.  the  court  says: 

"Tilt  i|Uisll'(n  15  not  »hat  it  ■  the  pUnti  cost.  Althougb  ioch  evidence 
It  ArfmiuiMe  0.1  having  a  M&rmg.  The  quesuon  is  do:  v!ut  ihe  plant 
WiHi*  'Uy  may  )•«  wtnth.  altboush  e^-.dence  with  reference  thereto  roa; 
bt  t'lfludcRfl  ai  havmg  &  L^inag.  The  (juesttoa  U^  niiai  i&  the  value 
'rf  (br  (Jaw  l"Hay'" 

ll92  FAf.  193.  im> 
Frtjm  ^uch  language  it  is  argued  that  the  value  of  the  plant  must 
tif  the  reproduction  value  and  that  the  words — "the  question  is 
not  what    i      ^e  plart    cfst      m*^T'  that  an  original-cost  val- 
Udt    nit  ■^'-  :  a  "■■a-*   ■■^■^■rrence, 

\       f.  t.r    Vjttittn  thL  j-nct  Mhich  has  been  paid  in  loto  for  a 
[  l<ir         I  h<it  thL  I  lant  l  ht      t     u^c  the  court's  language)  and  a 

r    y    I    [rLiitl    nj,inal-t  jst    aluatun      \  correct  original-cost 

aija  n  ha  its  tasis  in  the  ame  m\entor\-as  does  the  repro- 
lu       T     dludti  n    but    instead     I  preaent-day  prices  (or  five- 

i.<t  d  ir<t^fc  [nee  beinf,  used  in  the  appraisal,  the  actual  cost 
J  r  cfes  an.  u-^ed  lor  both  labor  and  matcnal.  or.  in  the  absence 

I  rec  rl      i  the  actual  on^indl  costa  ol  items  of  material  and 
lab  r    the  c     t  1    e  timateJ  V     a  c  mpeient  appraiser  as  of  the 
time    \hen  the  tquij  mcnt  \  a    i      ailed  and  under  the  precise 
n  !  t    n      t  Its  mstallati  n 

lilt  e  n  Cumberland  1  tlepbine  and  Telegraph  Company  vs. 
ti(\  --'  L  uti  lite    the  c  urt  v^i ! 

I  u  T         u  :::u?:  n-.jlcr.al  question 

u  re       na  I         HI  tre  property  'at  the  time  it 

i  jt       t      J      the  limt  at  which  the  queition 

r  r  u     nj    e    jljjt    n  jt  that  time  that  the  com- 

1  ai  t      J  r  d  fu  r  ri  jrn      •      •      •      •      T^e  value  of  a  plant 

tral       Pi         Tal'fi-"  ngJ  mjtiagemtnt.  or  upon  fortu- 

ti        rj        an  ItTCtri   trt   the   reasonable   value   of   the 

I  r     trt      at  Ire     n  e  it       u  ed  for  Ine  pu  I  c        the  value  we  are  to  ascer- 

ta  n      r  f  it  nir     tr 

.lt>7  Fid-  637,  U2] 
From  il  1.  Id  d  L  dluL  t  ihi.  i  r  I  ert\  at  the  time  it  is  used 
to^^^^^H^^^^^^^i^^^in^aMatiLuag^o^othe^court 
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decisions,  it  is  again  argued  that  the  reproduction  method  must 
be  used  exclusively.  It  seems  to  have  escaped  the  notice  of  the 
reproduction  advocates  that  the  language  of  the  courts  may  well 
be  interpreted  to  mean  **the  reasonable  depreciated  value  of  the 
used  and  useful  property  at  the  time  it  is  used  for  the  public**. 

Many  courts  have  sanctioned  and  justified  the  reproduction 
theory  because  it  is  generally  assimied  that  precise  original  cost 
ordinarily  is  difficult  to  secure.  Usually  the  record  before  a  court 
of  review  has  little  tangible  evidence  relating  to  a  properly  pre- 
pared original-cost  valuation.  The  record  may  confuse  the  in- 
vestment, the  stocks  and  bonds,  or  a  purchase  price  with  the 
original  cost  of  the  various  items  embraced  in  the  inventory. 
Before  construing  the  language  of  a  court  which  is  reviewing 
a  record  taken  in  a  trial  court,  it  is  well  to  ascertain  first  what 
that  record  contains  on  the  subject  of  original  cost. 

Of  a  proper  original-cost  valuation,  Ex-chairman  Halford 
Erickson  of  the  Railroad  Commission  of  Wisconsin  stated  in  a 
paper  presented  before  the  Conference  on  Valuation,  held  under 
the  auspices  of  the  Utilities  Bureau,  in  Philadelphia,  a  year  ago: 


ISl-tSTOItV  ASD  APPttAtSAL 

:  BriXow- 

"Thft'C  u  one  point  I  wanted  to  brinf;  out  viih  regard  to  that  feature 

f  the  hill  that  re(|u:te4  the  Commisiion  to  aicertAia  the  cw*!  o£  produc- 

Such  a  linding.  in  my  opinion,  is  not  fit  any  great  value,  so 

c  rale  making  is  concerned,      II  is  a  vacillating  quantity:  it  do« 

'I  reprcurni  in  any  sense  the  investment  of  the  omtpany  in  the  omsimc- 

in  o(  the  road.    T<i  illustrate:  In  the  suit  that  was  grading,  the  estimated 

/  ro«l  uf  the  reproduction  of  the  Narthcm  Patilii^  Railroad  nn  involved. 

a  tntormnl  the  same  rnKirwrr  n^pwied  in  19(>7  and  in  1909  at  t'>  the 

f  curt  of  th«  re[irf«Ii]clion  new,  an-il  this  value  liiwl  in  1  WW  wai  ooe  hundred 

and  eighty-five  ratltion  diJInrs  mofr  tlian  ilic  same  en^nncer  Tixol  the  value 

'rf  ftproduetwffl  new  in  1WI7  *' 

Mr.  LaFolktic  lin  parij: 

le  sa)'  to  the  Senator  on  this  question  thai  thc'  tiupreme  Ci:nirt 
of  the  United  State?  has  listed  that  35  ome  o(  the  i-«luw  to  he  considered, 
and  it  ha:^  not  yet  by  any  express  declaration  eliminated  it  3^  a  value  to 
be  ignored.  Sa  it  M:em«<l  tu  the  ixnnmitcev  that  wo  ought  tu  give  it,  its 
place  here,  1  will,  however,  ay  10  (he  Senator  that  I  am  confident  that 
the  vienra  nt  aU  the  advanced  commissions  of  the  ci-mntry  Ihal  are  doing 
this  valuation  work  are  that  IhfTc  should  ho  •itv  ftn'oniidcrable  weight 
given  to  reprodui'ti'in  new.'' 

(Centrfuwnal  Krcird.  IfMII.J 
The  reprrxiuction  method  of  valuing  property  Is  rched  upon 
by  utilities  mainly  because  it  automatically  takes  can;  of  the 
appreciation  which  has  occurred  during  recent  years  in  the  cost- 
new  C'f  nearly  all  items  of  equipinent  and  in  all  classes  uf  tabor. 
Land,  in  particular,  falls  into  this  classification,  and  a  court  of 
authority  has  ruled  that  the  real  property  of  a  utility  should  be 
valued  at  its  present-day  market  value,  and  not  at  its  original 
cost  plus  the  tost  of  improi-ements.  Under  the  rulings  of  the 
courts,  it  may  be  argued  that,  even  ihou^'h  a  utility  may  steal 
equipment  without  being  apprehended  and  may  cnnvert  that 
equipment  into  used  and  useful  propertv  in  the  service  of  the 
public,  the  stolen  eq;;;' ■"■""  "'•;••  ■■(•(■(■;'.■>■  '^.•■.'-  -■■'"■  >'jn;tion  in  a 
valuation  and  rati.-:-  -  '■  .       V."       '    -  ■  r  not   this 

view  will  prevail  nkim;i:<.-ly.  lUKler  a  c.mlinuance  ol  state  regu- 
lation, is  s'^mewhat  a  ik'baliible  quistion  at  tiio  present  time. 
A  ^^iniplf  i,a-v  will  -i-rvi.'  u<  ilhistrato  the  fallacy  of  too  great 
weii.:lu  '^iw-n  iniliscriminately  to  appreciation  in  utility  property. 
AssLiniL'  tliai  an  t-k-ctric  |)lant.  in  a  state  where  the  laws  provide 
for  state  re;;ulatio!i,  costs  $1(10,000.  and  assume  further  that  the 
regulatory  body  cif  jurisdinion.  alter  investigation,  has  fixed 
rates  such  as  will  yifkl  full  operating  expenses  plus  five  per  cent 
[H-T  annum  i$.t.(HI(H  for  accniing  depreciation  and  seven  per  cent 
per  annum  ($7.(M)0)  lor  a  fair  rate-of -return.  At  the  end  of 
five  years,  jirovided  no  change  is  made  in  the  electric  property, 
"'■■  utility  has  accumulated  $2-5. OIX)  (plus  earnings)  in  a  depre- 
-■■■1  each  year  has  paid  a  full  and  adequate  rate-of- 
During  these  five  vears,  if  per- 
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estimated  reproduction-cost-nevv  according  to  expert  appraisers 
would  be  $1 10,000,  there  has  been  an  unearned  increment,  over 
and  above  a  fair  rate-of-r  turn,  amounting  to  $10,000  in  the 
value  of  the  property — equivalent  to  $2,000  per  year,  or  two  per 
cent  annually  on  the  original  cost.  In  other  words,  a  valuation 
made  at  the  end  of  the  said  five  years,  resulting  in  revised  rates 
being  fixed  on  an  estimated  reproduction  theory,  capitalizes  an 
unearned  increment  which  automatically  results  in  rendering  a 
nine  per  cent  rate-of-return  throughout  the  entire  first  five-year 
period.  What  has  the  utility  done  or  denied  to  itself  in  order 
to  deserve  this  unearned  increment  ?  Is  not  the  public  entitled 
to  participate  in  the  appreciation  of  property,  at  least  to  the 
extent  of  not  having  the  same  capitalized  against  it,  to  be  borne 
by  the  rate-payers  of  the  future  ?  Carrying  the  illustration  still 
further  then,  let  it  be  assumed  that  the  estimated  reproduction 
value  sinks  to  $90,000  at  the  end  of  five  years;  then  the  reverse 
is  true,  and  the  utility  each  year  is  depriv^ed  of  just  earnings 
equivalent  to  two  per  cent  of  the  cost  of  the  property.  Under 
such  conditions,  would  it  not  be  argued  that  this  deprivation  of 
earnings  would  constitute  a  confiscation  of  property  ? 

Such  illustrations  are  indicative  of  the  pubHc's  vital  interest 
in  what  is  termed  "appreciation".  It  is  to  be  borne  in  mind 
that  "depreciation",  as  applied  in  valuation  w^ork,  in  no  manner 
is  the  opposite  of  appreciation".  An  original-cost  valuation,  if 
properly  compiled,  does  not  presume  to  inflict  upon  a  utility  the 
losses  occasioned  by  decreases  in  prices  of  material  and  labor. 
An  original-cost  valuation,  however,  does  presume  to  reflect  the 
conditions  under  which  the  bargain  between  a  utility  and  its  con- 
sumers was  consummated.  Under  an  original-cost  valuation,  the 
public  sustains  all  losses  due  to  the  falling  off  of  prices,  although 
it  participates  in  gains  only  to  the  extent  of  not  having  an  un- 
earned increment  capitalized  against  it.  As  stated  before,  the 
courts  have  not  stated  that  reproduction-cost-new  (or  less  de- 
preciation) must  be  the  criterion  by  which  to  judge  the  present 
value  of  utility  property  for  rate-making  purposes. 

The  Massachusetts  Public  Service  Commission,  in  its  recent 
decision  rendered  In  Re  Bay  State  Street  Railway  Company 
(August  31,  1916),  squarely  recognizes  that  appreciation  in  land 
as  disclosed  by  a  reproduction  method  of  valuing  the  same  is 
not  to  receive  recognition  in  a  determination  of  rates: 

"Considering  this  a])prcci:ition  upon  its  own  merits,  car  riders  cannot 
fairly  be  c.\i)ected  to  i)ay  higlicr  fares  htwiuse  land  lias  inereased  in  value, 
nor  ought  they  to  j)ay  lower  fares  if  it  should  decrease.  If  the  company 
wishes  to  sell  such  property  it  is,  of  course,  entitle(l  to  whatever  profit 
it  is  able  to  make;  but  so  long  as  land  is  employed  in  the  street  railway 
business  it  is  dedicated  to  a  public  use  and  held  subject  to  the  conditions 
fairly  attaching  to  such  use.  As  the  Commission  has  said  in  another 
connection  (see  House  Document  Xo.  1900  of  the  current  year,  pp. 
SS.SOi:  'Wliile  no  fair-minded  man  will  dcn\-  that  tho-e  who  inU  th.-ir 
nv^ney  into  pul)lic-  service  by  building  railroads  are  entitled  to  the  oi)j)i)r- 


iT.hf  U««  «"•"'  -^  p..,"'luli..",  «-  "'"ir.r^   -^  *«,^  pribix   pnbnr. 

!„,,  *,mtd  I'-^  «ll  «»'>v*"l«r  tnim  ihr  (•/ 1  thit  tber  ir-asfxtaUt-  facii- 

I'tratiyl  in  '1w»  •'■"■i"'  un'lw  fkV'fiaMc  ecriaosiit  i'<yl-:ic«ts 

n7hJ!uia  (>■■  H'l-*^  '•'■''  '*''■"  ''  '*"■■  '*«""  '^  presrai  -«Tl;  »<"  «- 

fh(    lici"*  "'  '"*  "*■■''   '"   '■"  "••'*«'?  ■'«''i  clearly  t«  [treseiit 

"l^iy,  fiv  rtw»i   1TH"1"«\    I'lUI"'**?*       In  tfai»  '-»«  so  cvk1««  ■haierrr 

™  lU   Kiir  J?r«ora,  pp    iaH21. 

.^  ^v,^i/|  *v*«,  (lu-n-furu,  thai  cnifinocn.  a~  a  whole  may  well 

,    ,  ,     .      .-w,    itiliiiiiliitions  «(  the  couns.  instead  of  beconung 

,    ..'■,\^«tli'ii  (if  Mmie  ihcurj'      Such  biased  acts  on  the 

■     I'nilcKiit'Jii  art  suxvrtintablt  for  rebukts  of  a  typesadi 

„    .  UMiiiiiIric'l  f'jTCiMy  by  ihe  lait  Judge  Smith  McPhersoo 

'    .    ...    wUii,  il  I^  cUhntd  by  >tffae.  made  a  gritvous  errcir  in 

\   \\-u.o,'\\\\  KiiU-  Ca.w:  1 108  Fat  3I7j  by  apparently  giving  too 

,y„.  v^Vi'lit   I"  'hi;  ttsiimiiny  relating  to  certain  new  theories 

,,\.inMt  In  fxiMfrt>      In  one  &f  his  last  opinions,  this  caustic 

>'v>.t   t\\i\v.''  iuil<>d  att«titton  to  the  greai  danger  of  experts. 

\'\\\  Mi'I'tiiTMio'n  Hfc  was  largely  behind  him.  and  he  had  had 

■li.it  ll»iM  II"*  fair  share  ui  cxj»erience  as  a  United  States  dis- 

i  1 11  d  KdJfV'  iti  i:nt]t'a.\-'ir  tii^  lo  «-eigh  the  evidence  of  experts  in 

w.iiiiii.T  |iiilili<: -service  cases,  when  he  said  in  the  Des  Moines 

loi.  i.ltii,  ■/,•  i.i:v<-  lif'-h.  [,arti-^r..  [.rtjiiilntii.  ann  unreliable  espens 
■  ,,.  ,....t  I'.f  >.••'.■•  ;>■  .-.  '.IT,-  ST  JUKI  '.r  more-  and  'xj^nsc-  per  day.  ei- 
III.;'    ■■-■-.T   :-!.',,:T--..ni'    an-1    i-akins   the   .uccc.iful   party   in   fad   a 

Krank  Gill:  Ii  Mr  L'ffix.-nstein  cr.ntends  that  the  plant  of  a 
iiipi(ti;ill;.  f  on'iu'.tc'i  undertakint;  rV/es  not  eventually  settle  down 
h<  il  'I'rljuii'.-  jAr  f.tnt  fon'iition.  I  do  not  a;,'ree  with  him.  but  if 
111-  'ijily  mi.ans  that  thtrt  ;s  not  a  similar  fixed  percentage  con- 
diti'.Ti  f',r  all  un'lLTtakin;;H,  I  think  he  is  quite  right. 

l-'ij'  1  sh'iv.s  thi;  amount  nece.ssary  in  the  depreciation  fund 
(or  thrf'.-  t.h>:(ir<,'T,i'al  (a'-ts.  each  with  the  same  equated  life  but 
v/iUi  a  'lifi'jrint  ra"-  'if  continuous  growth  This  clearly  shows 
I  ha',  '-a'h  ra!':  'rf  grov.th  rt-=ult=  eventuallv  in  a  definite  tier  cent 
"indili'm 

Irj  'U'.h  la-i-  -h'  rt-  art-  10  rla'^ses  of  plants  having  lives  varying 
from  'i  to  2li  yar^  and  if  a  greater  number  of  classes  had  been 
used,  'urvts  would  have  reached  a  steady  condition  at  an  ear- 
lier pcri'j'l. 

Other  f  ai'  ulations  show  that  the  per  cent  condition  depends  on 
tht  CfjualL-'i  life  of  the  plant  as  well  as  upon  the  rate  of  growth. 

In  these  ra:.;es  tliu  Sinking  Fund  Method  {at  5  per  cent  per 
annumj  has  been  used  for  reasons  which  I  consider  conclusive, 
but  this  is  reallv  an  in'leijendent  question. 
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I  do  not  think  that  Mr.  Loebenstein  has  made  sufficient  al- 
lowance for  the  fact  that  while  a  definite  life  can  be  assigned  to 
one  class  of  plant,  the  individual  components  of  that  class  do  not 
in  practise  need  renewals  at  exactly  the  same  time. 
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I  notice  that  in  Mr.  Loebenstein 's  calculations,  he  has  al- 
lowed a  full  j-ear's  allowance  for  depreciation  for  the  first  year 
and  if  this  is  correct,  it  follows  that  the  expenditure  for  the  year 
took  place  on  January  1st,  and  that  the  renewals  would  occur  a 
full  year  sooner  than  shown. 

L.  R.  Nash  (by  letter) :  It  is  surprising  that  a  matter  of  so 
much  importance  as  the  effect  of  growth  upon  the  average  con- 
dition of  physical  property  should  have  received  so  little  atten- 
tion in  engineering  literature.  The  paper  on  this  subject  by  Mr. 
Loebenstein  is  very  timely,  particularly  in  view  of  the  increasing 
attention  to  valuation  studies  in  connection  with  rate  regulation. 
The  author's  choice  of  public  utilities  to  illustrate  the  points 
which  he  develops  is  to  be  commended  because  of  the  consistent 
growth  and  the  predominance  of  valuation  activity  in  this  field. 

It  seems  to  mc.  however,  that  the  illustrations  which  the 
author  presents  in  tabular  and  curve  form  are  not  generally 
representative  of  average  utility  conditions.  Most  of  these  illus- 
trations assume  growth  for  a  very  limited  period  of  years,  after 
which  the  property  remains  stable.  With  this  assumption, 
quite  wide  variations  are  found  in  renewal  requirements  and 
per  cent  condition.  While  the  author  points  out  that  each  of 
the  cases  assumed  may  be  considered  as  one  group  of  elements  of 
a  composite  property,  he  still  concludes  that  such  a  property 
would  show  a  considerable  variation  from  time  to  time  in  per 
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values  should  be  used  in  determining  equitable  rates,  basing 
this  contention  upon  calculations  which  show  that  depreciated 
value  and  depreciation  reserve  are  together  equal  to  capital 
investment.  If  adequate  depreciation  reserves  were  always 
available,  there  would  be  no  question  of  injustice  to  investors  in 
using  depreciated  value,  if  a  full  return  were  available  from  an 
investment  of  the  reserve.  There  are,  however,  state  laws 
which  prohibit  distribution  of  income  from  invested  depreciation 
reserves  to  stockholders.  Under  such  circumstances  the  use  of 
a  depreciated  value  would  deprive  the  investor  of  an  adequate 
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With  the  sinking  fund  method  it  is  necessary  to  provide  safe 
investment  for  the  annual  accruals  with  adequate  return  there- 
on. There  is  usually  sufficient  growth  in  public  service  prop- 
erties so  that  they  may  invest  their  reserves  in  their  own  busi- 
ness, such  investments  being  accounted  for  separately  from 
property  for  which  outside  investors  have  furnished  the  funds. 
The  requirements  for  a  liquid  reserve  are  not  different  from  those 
under  the  straight  hne  method.  In  the  long  run  with  approxi- 
mately uniform  replacements,  about  60  per  cent  of  the  annual 
cost  is  provided  from  current  contributions,  the  balance  from 
income  of  the  invested  reserve  which  will  normally  accumulate 
during  the  early  years  of  the  business  to  approximately  40  per 
cent  of  the  total  investment. 

The  author  assumes  that  if  a  utility  stops  growing  and  cannot 
use  straight  line  replacement  accruals  for  the  temporary  financing 
of  extensions,  such  accruals  might  be  returned  to  stockholders 
in  cash,  as  a  part  return  of  capital  and  not  as  a  dividend.  It  is 
believed  that  such  a  procedure  is  distinctly  undesirable  in  the 
case  of  pubhc  utilities.  Conditions  might  arise  in  which,  with- 
out material  growth  the  original  property  was  allowed  to  seri- 
ously depreciate  and  a  large  proportion  of  its  original  cost  be 
returned  to  the  investors  in  addition  to  dividends.  In  case  of 
unwise  regulative  restrictions,  the  investors  might  decide  under 
such  circumstances,  that  it  would  be  expedient  to  salvage  their 
property  and  discontinue  the  business  rather  than  submit  to 
further  injustice.  Such  discontinuance  of  an  established  utility 
service  would  be  very  much  against  the  public  interest  and  its 
possibility  should  be  avoided  by  restricting  routine  payments 
to  investors,  to  interest  and  dividends  only. 

The  writer  finds  it  helpful  to  think  of  the  public  service 
problem  as  involving  three  distinct  interested  parties  instead  of 
the  two  parties  ordinarily  recognized  in  discussions,  namely,  the 
public  and  the  investor.  Between  these  two  parties  at  interest 
the  utiHty  itself  may  be  distinguished  as  a  third  party.  The 
utihty  is  by  no  means  identical  with  the  investor.  It  looks  to 
the  investor  for  funds  as  it  looks  to  the  public  for  patronage. 
It  is  no  more  subject  to  the  command  of  one  than  to  the  other, 
unless  it  be  that  through  regulating  bodies  the  public  has  assumed 
a  more  dominant  position.  The  utility  should  be  looked  upon 
as  the  custodian  of  property  or  an  agent  or  trustee  for  both  the 
pubhc  and  the  investor.  As  an  agent  it  is  an  intermediary  in 
all  transactions;  it  receives  the  customers  payments  for  services, 
disburses  a  part  of  them  for  expenses,  taxes,  etc.,  distributes  a 
part  to  the  investors  who  have  furnished  construction  funds,  and 
should  retain  a  part  for  conservation  of  the  property  and  for 
contingencies.  The  investor  has  no  more  right  to  demand  a 
specific  return  from  the  utility  for  the  use  of  his  money  than  the 
public  has  to  demand  a  specific  kind  of  service.  That  the  util- 
ity is  or  should  be  trustee  of  funds  set  aside  for  replacements  to 
which  the  investor  has  no  right  is  a  point  commonly  overlooked 
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TABLE  I 

STUDY  OF  REPLACEMENT  COSTS  OF  A  TYPICAL  UTILITY  PROPERTY. 

Initial  property  value  $10,000.  Is  composed  of  twenty  units  of  equal  value.  The 
first  unit  is  discarded  and  replacement  made  at  end  of  ten  years,  second  unit  at  end  of  eleven 
years  and  third  unit  at  end  of  twelve  years,  et  cetera.  New  property  is  acquired  at  rate  of 
10  per  cent  for  twenty  years,  7.5  per  cent  for  thirty  years  and  5  per  cent  for  fifty  years 
Each  yearly  increase  represents  the  addition  of  twenty  new  units  and  these  units  are  dis- 
carded and  replacements  made  after  the  tenth,  eleventh,  twelfth  year,  et  cetera,  in  the  same 
manner  as  the  original  twenty  units. 


Year 


Value  at 

beginning  of 

each  year 


1 

$  10.000 

2 

11.000 

3 

12.100 

4 

13.310 

A 

14.641 

6 

16.105 

7 

17,715 

8 

19,486 

9 

21.435 

10 

23.578 

11 

25.936 

12 

28.530 

13 

31.383 

14 

34.521 

15 

37.973 

Iti 

41.770 

17 

45.947 

18 

50.542 

19 

55.596 

20 

61.156 

21 

67.272 

22 

72.317 

23 

77.741 

24 

H3..572 

25 

H9.H40 

26 

96.57H 

27 

103.S21 

28 

111.608 

29 

119.979 

30 

12.S.977 

31 

138.6.50 

32 

149.049 

33 

1 60.22s 

34 

172.21.') 

35 

ls:).l«i3 

3ti 

199,().')0 

37 

213.979 

38 

230,027 

39 

247,279 

40 

2«)5.S2.-) 

41 

285.762 

42 

307.191 

43 

330.234 

44 

355,002 

4.") 

38l,«)27 

4() 

410.219 

47 

441.018 

Increase 

during 

year 


1.000 

1,100 

1,210 

1 ,33 1 

1.464 

1.610 

1,771 

1,949 

2.143 

2.358 

2.594 

2.853 

3.138 

3.452 

3.797 

4.177 

4.595 

5,0.54 

5..5('»0 

6.116 

5.045 

5,424 

5,831 

(i,268 

6.738 

7,243 

7,787 

8,371 

8.998 

9.67:i 

10.399 

11.179 

12,017 

12,918 

13,887 

14,929 

16,048 

17,2.52 

18,54(i 

19,937 

21,432 

23.040 

24.7r»8 

2r,.(>25 

28,622 

30.769 

33,076 


Cost  of 
replacing 
discarded 
property 


500 

550 

605 

665 

732 

805 

885 

974 

1.071 

1,178 

1.795 

1.474 

2,121 

1,832 

2,516 

2.266 

2.993 

2.792 

3.571 

3.429 

4.271 

3.()15 

4  .3S6 

4.72S 

5.097 

1.995 

6.3  44 

5.884 

(■).828 

7.3(i2 

8.440 

8.029 

9.ri40 

9.316 

11,019 

11.293 

12.153 

12.496 


Ratio  of  replace- 
ments to  value 
at  end 
of  each  year 


93 
93 
93 
93 
93 
93 


I   93 


•> 

2 
•> 

2 
•> 


I    93 
I   93 

1  93 
2.67 

2  08 
73 
19 
80 
34 
88 

2 .  50 
2   97 

2  6«) 

3  08 
2   42 

74 
74 

i  .) 

51 
96 
56 
2   76 

2.77 
2   95 


'>    M 


2 
•) 

2 

2 
2 


61 
92 
62 
89 
75 
76 
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and  which,  if  ^iven  proper  consideration,  would  very  much 
simplify  depreciation  studies.  ' 

It  should  be  clear  from  the  author's  paper  that  any  full  pro 
rata  accrual  for  replacements  results  in  a  reserve  which,  in  a 
growing  property,  is  never  used.  It  may  be  of  interest  to  note, 
in  connection  with  the  history  of  an  assumed  utility  shown  in 
the  accompanying  table,  that  the  annual  replacement  require- 
ments of  this  utility  could  be  taken  care  of  by  an  accrual  without 
interest  accumulations,  started  after  the  end  of  ten  years,  at  the 
rate  of  3  per  cent  for  the  next  forty  years,  3.5  per  cent  for  the 
following  fifteen  years  and  3.69  per  cent  for  the  final  thirty-five 
years.  Such  accruals,  entirely  absent  from  the  first  ten  years, 
not  only  take  care  of  all  annual  requirements,  but  accumulate 
an  unused  reserve  which  is  always  slightly  greater  than  the 
current  annual  requirements. 

F.  C.  Merriell  (by  letter) :  The  matters  placed  in  issue  by 
the  recent  papers  on  appraisal  and  inventory  seem  to  be  merely 
a  reopening  of  what  has  always  been  a  fruitless  inquiry.  The 
general  nature  of  the  decisions  of  courts  indicates  clearly  that 
practise  and  present  needs  have  far  outrun  the  enlightenment  of 
the  judiciary  in  this  matter.  The  only  factor  contributing  in 
any  great  degree  to  the  solution  of  the  problem,  which  comes  from 
the  courts,  is  a  grudging  recognition  that  value  is  the  matter  in 
question  rather  than  cost,  and  that  generally,  items  of  value  are 
more  various  and  inclusive  than  items  of  cost. 

For  the  use  of  courts,  commissions,  and  the  operators  of  prop- 
erty, an  accurate  inventory  of  property  is  a  necessity  and  if 
it  can  be  maintained  continuous,  it  has  the  added  advantage 
and  no  mean  one,  that  all  the  force  of  the  operator  will  be  edu- 
cated in  the  business  of  appraisal.  This  is  a  lack  sadly  felt  at 
present  and  the  use  of  most  inventories  is  greatly  limited  be- 
cause of  it.  A  case  in  point  is  the  inventory  of  a  large  utility, 
with  which  the  writer  was  recently  associated.  The  necessary 
field  force  was  so  unversed  in  the  elements  of  value  resident  in 
such  property  that  the  inventory  did  not  at  all  meet  the  require- 
ment which  necessitated  it,  and  had  to  be  supplemented  with 
much  special  field  work  to  make  it  adequate.  It  was  in  the  first 
instance,  unusually  accurate  and  complete  as  to  quantity,  but 
the  saving  grace  of  well  trained  and  exercised  judgment  was  not 
always  apparent  in  the  first  listing.  A  continuing  education  in 
this  important  branch  of  engineering,  will  quite  materially  assist 
to  a  better  appreciation  of  how  constituent  parts  of  property 
account  may  best  be  identified  in  inventories,  and  more  import- 
ant still,  it  ought  to  increase  the  knowledge  of  how  best  to  apply, 
and  when  most  economically  to  expend  renewal  and  maintenance 
funds. 

In  his  paper  Mr.  Loebenstein  sets  up  a  number  of  paradoxical 
cases,  because  he  makes  his  appeal  only  on  the  basis  of  physical 
cost  and  not  upon  the  basis  of  value.  In  order,  if  possible,  to 
join  the  issue  let  an  extreme  case  be  cited. 
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ordinarily  met.  If  it  is  right  therefore  to  take  from  earnings  to 
make  good  these  things,  it  is  wrong  to  contend  that  the  earnings 
so  taken  are  a  penalty  against  capital  and  reduce  it  by  so  much. 
If  the  provision  is  not  made,  the  capital  is  indeed  subject  to 
reduction  in  the  amount  required  for — what?  To  replace  any 
fixed  percentage  of  physical  condition?  By  no  means.  To  re- 
store the  service.  If  it  were  possible,  there  could  be  nothing 
more  desirable  than  a  uniform  method,  which  could  in  fairness 
be  applied,  to  assure  that  there  was  the  proper  intention  on  the 
part  of  the  projector  to  continue  his  effort  to  give  adequate 
service,  which  is  the  end  really  to  be  served  by  such  provision, 
but  experience  demonstrates  that  uniformity  is  not  in  any  very 
immediate  prospect  as  a  solution  in  this  matter. 

This  view  of  the  matter  of  so-called  depreciation  is  not  a  new 
one,  the  writer  having  first  formulated  it  to  his  own  satisfaction 
in  a  private  report  some  five  years  ago.  As  long  as  four  years 
ago  the  receiver  of  a  large  utility  defended  and  made  good  his 
defense  of  the  attitude  that  he  would  not  recognize  any  scheme 
of  artificial  penalization  in  lieu  of  his  forethought  and  skill  as  a 
manager.  A  discussion  of  the  whole  matter  from  quite  a  similar 
viewpoint  and  with  more  attention  to  the  mechanism  of  the 
scheme  was  published  by  Mr.  C.  E.  Grunsky  in  Vol  LXXIX 
Trans.  A.  S,  C.  E.  Finally  it  must  be  said  that  much  of  the 
difficulty  of  the  whole  matter  at  issue  will  be  solved  when  it  is 
recognized  as  a  basis,  thai  projectors,  as  corporations  or  the 
creators  of  corporations,  are  not  willing  to  accept  cheerfully  any 
less  fairness  than  any  other  component  part  of  the  public  is 
willing  to  have. 

J.  Loebenstein:  Referring  to  Mr.  Nash's  discussion,  I  call 
attention  to  the  fact  that  when  appraisals  are  made  and  esti- 
mates of  requirements  for  future  renewals  desired,  these  estimates 
are  made  on  the  assumption  that  end  of  growth  has  been  eached. 
Our  predictions  of  what  will  be  necessary  in  the  futurerare  based 
on  what  we  know  of  the  past.  It  will  certainly  be  necessary  to 
revise  our  estimates  from  time  to  time,  but  these  revisions  will 
in  turn  be  based  upon  the  past. 

The  Curve  \'II.  which  Mr.  Nash  notes,  is  based  on  the  assump- 
tion that  end  of  growth  has  been  reached  just  as  is  Curve  VIII. 

In  Mr.  .Merrieii's  discussion  the  statement  is  made:  "'If  he  sell 
iiis  |)roi>iTty  he  will  cxiject  to  receive  the  full  price  of  it,  includ- 
ing tile  ;tmi)unt  of  his  [jruvision  for  the  future  or  he  will  take 
the  sum  he  has  set  aside  as  a  part  of  the  i)urehase  price  and  the 
IJurehasLT  will  thereupon  have  to  set  up  a  similar  fund  in  order 
properly  tn  administer  it." 

In  my  p!ii>er  1  tried  to  show  what  factors  should  be  considered 
and  in  whn'  manner  the  funds  above  referred  to  should  be 
gathered.  This  caruiot  be  done  without  some  projected  basis 
of  renewals,  based  on  the  jiliysical  cost  which  Mr.  .Merriell  con- 
siders only  a  minor  factor. 
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every  kind  of  property  passes  through  a  long  period  after  its 
first  utiHzation,  when  the  value  of  its  service  does  not  apprecia- 
ably  lessen,  is  vital  here,  and  points  to  the  conclusion  that  the 
character  of  its  use  and  the  length  of  time  it  will  continue  to 
render  satisfactory  service,  are  the  real  criteria  of  its  value  and 
that  physical  appearance  or  condition  is  of  little  moment,  except 
as  it  is  the  visible  evidence  of  care  and  forethought,  (or  the  lack 
of  these)  in  maintaining  the  property. 

The  fact  that  renewal  or  replacement  would  be  necessary  did 
not  in  the  first  instance  surprise  the  entrepreneur,  for  he  accepted 
these  things  as  one  of  the  necessary  risks  or  expenses  of  his 
business.  He  has  never  charged  himself  with  the  duty  of  cre- 
ating a  certain  standard  of  appearance  in  his  property  to  betoken 
a  satisfactory  condition,  but  has  rather  given  his  best  perception 
to  the  effort  to  detect  the  first  falling  off  from  the  highest  standard 
of  service,  and  has  esteemed  the  deterioration  of  his  property  to 
be  first  betrayed  by  its  failure  to  render  that  high  type  of  service. 
He  is  not  and  never  can  be  interested  in  an  attempt  to  ascertain 
what  percentage  of  condition  as  merchant  property  his  plant 
has  reached,  but  he  is  vitally  interested  if  it  appears  that  he  must 
increase  its  facilities  or  replace  some  of  its  units  to  keep  it  doing 
what  is  required  of  it. 

If  he  be  called  upon  at  any  time  to  evaluate  the  property,  it 
is  generally  agreed  that  he  has  a  right  in  its  physical  condition, 
which  might  be  even  better  expressed  if  it  were  said  that  he  had 
a  duty  to  make  those  changes  and  renewals  which  will  serve  to 
maintain  the  standard  of  its  usefulness.  If  he  has  accumulated 
funds  for  all  the  charges  in  reasonable  prospect,  he  ought  not  to 
be  said  to  own  less  than  he  formerly  did.  If  he  sell  his  property 
he  will  expect  to  receive  the  full  price  of  it,  including  the  amount 
of  his  provision  for  the  future  or  he  will  take  the  sum  he  has  so 
set  aside  as  a  part  of  the  purchase  price  and  the  purchaser  will 
thereupon  have  to  set  up  a  similar  fund  in  order  properly  to 
administer  it.  Current  practise  thus  illustrates  that  the  concept 
of  depreciation  cannot  make  its  way  against  the  logic  of  actuality. 
And  the  property,  which,  having  no  provision  for  proper  renewals 
and  needing  them,  is  sold,  suffers  in  price  to  exactly  the  degree 
in  which  it  has  been  neglected,  thus  proving  in  too  many  cases 
that  the  protection  of  regulation  has  not  at  the  present  reached 
that  bi-lateral  efficiency  which  has  always  been  so  strongly 
urged  for  it. 

The  projector,  when  he  undertakes  the  business  has  certain 
definite  aims:  on  the  one  hand  to  supply  such  a  commodity  as 
will  be  acceptable  to  his  public;  on  the  other  to  gain  as  much  as 
he  may;  and  as  a  corollary  of  the  latter  he  expects  nothing  else 
than  that  the  business  shall  maintain  all  the  necessary  charges 
as  well  as  the  profit  he  desires,  and  that  consensus  of  opinion 
called  good  practise,  supports  him  in  the  idea  that  he  ought,  if 
he  can,  to  make  renewals  and  replacements  in  the  ordinary  sense 
from  earnings,  inasmuch  as  these  are  ordinary  things,  to  be 
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or  non-use  in  ten  years  or  more.  As  yet  there  is  no  assurance 
that  this  result  has  been  accomplished.  If  the  causes  of  the 
failure  of  insulators  with  time  were  fully  understood,  more  eflfec- 
tive  work  could  be  done  to  eliminate  them.  At  present,  after 
much  effort  in  many  quarters,  these  causes  are  know^n  and  under- 
stood only  to  a  limited  extent. 

Hardly  any  of  the  requirements  of  an  insulator  stand  alone  and 
unrelated  to  the  rest.  Particularly  is  this  true  of  durability. 
Most  of  the  features  and  of  the  properties  of  the  materials  that 
constitute  an  insulator  are  related  to  its  durability.  It  is  not 
reasonable  to  expect,  therefore,  that  decided  improvement  in  the 
durability  of  the  insulator  can  be  made  without  a  thorough 
i^oitiK  study  by  which  full  knowledge  will  be  developed  of  all 
I  he  fads  for  the  materials  and  their  forms  that  enter  into  the 
make-up  of  the  insulator, 

'i'hcrc  are  two  distinct  phases  of  durability: 

1.  Ability  to  endure  sufticiently  an  adopted  set  of  acceptance 
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CERAMICS  IN  RELATION  TO  THE  DURABILITY  OF 
PORCELAIN  SUSPENSION  INSULATORS 


BY  HARRIS  J.  RYAN 

Abstract  of  Paper 

The  fundamental  requirements  in  satisfactory  high-voltage 
line  insulators  are  summarized  and  particular  emphasis  is  placed 
upon  the  need  for  coordinated  study  of  service  durability. 
The  effect  of  porosity  upon  durability  is  explained  in  detail  and 
an  appeal  made  for  the  establishment  of  a  practical  porosity 
elimination  test. 

The  manufacture  and  structure  of  electrical  porcelain  is 
studied  from  the  viewpoint  of  the  ceramist,  with  many  quo- 
tations and  illustrations  taken  from  the  Transactions  of  the 
American  Ceramic  Society. 

The  author  briefly  states  the  conclusions  at  which  he  has 
arrived  and  gives  a  very  complete  list  of  references  and  notes. 


DURABILITY  is  one  of  several  fundamental  requirements  in  a 
satisfactory  high-voltage  line  insulator.     These  require- 
dents  are: 

1.  Electrical  Requirements. 

a.  Electrical  strength  of  dielectric. 

b.  Refractoriness  of  dielectric. 

c.  Design  of  electrical  features. 

2.  Mechanical  Requirements. 

a.  Mechanical  strength  and  toughness  of  dielectric. 

b.  Design  of  mechanical  and  thermal  features  and  their  co- 
ordination with  requisite  electrical  features. 

3.  Durability  Requirement. 

Minimiun  attainable  deterioration. 

4.  Cost  Requirement. 

Best  insulators  that  the  art  can  produce  at  a  minimiun 
cost  which  the  practise  can  afford. 

The  modern  porcelain  suspension  insulator  is  generally  ac- 
cepted in  the  present  state  of  the  art  as  meeting  the  above  re- 
quirements to  the  greatest  extent.  In  respect  to  these  require- 
ments the  service  it  renders  is  reasonably  satisfactory  except  as 
to  durability.  Effort  is  now  being  made  by  manufacturers  and 
engineers  to  produce  and  to  accept  only  such  high-voltage  porce- 
lain insulators  as  will  not  fail  under  ordinary  conditions  of  use 
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niiike  it  ttrittlc  and  mechanically  unreliable,  it  vas  kained  f: 
the  wimt;  <iuth<jrity  that  the  way  out  of  the  difiicult>'  s^ouid  ti 
Ut  et-lef  I  matcriab  that  would  have  to  be  \-itrified  at  higher  tenn-* 
Ix^Aliirc*  mtilting  in  a  greater  toughness  of  product.  As  evi- 
riimre  1 1 wrreof  the  production  of  satisfactory-  paving  brick  in  our 
':'AJntry  was  referred  Ut.  This  is  accomplished  by  ample  v-itii- 
(iCAlviti  of  matcriab  so  chosen  and  proportioned  that  high  tern- 
fi*:ratures  must  be  applied  for  the  result.  The  enhanced  dura- 
bility of  the  brick  is  worth  more  than  the  increased  cost  of 
vitrif>Tng  at  the  higher  temperatures. 

It  has  long  been  knon'n  that  porcelain  for  high-voltage  line 
insulators  affords  no  dependable  service  durability  when  made  by 
the  drv  process  and  that  a  fair  service  durability  for  a  large 
pT/rtion  of  the  product  is  rendered  when  made  by  the  wet  process. 
In  dry  process  porcelain  the  porosit>-  can  be  reduced  to  one  per 
cent  only  with  difficulty,'  whereas  in  a  major  portion  of  the  h^h 
grade  wet  process  porcelain  the  porosity  is.  by  comparison,  very 
low  it.  one  tenth  per  cent  or  less.'  Thus  practical  experience  estab- 
lishes the  fact  that  the  lowest  degree  of  porosity  that  the  art  can 
be  made  Xn  produce  is  a  service  durability  requirement  of  the 
hifhf^t  imrxirtance.  Porous  porcelain  Tv^r^-  -rr.:rr\-y;:z-:^:  be- 
comes virtually  an  electrol>-tic  conductor  and  a  failure  as  an 
insulator.  Its  failure  to  insulate  would  be  less  decisive  if  under 
the  circumstances  its  teiiif>erature-resi5tivity  coefficient  were  not 
negative  in  sign  and  so  high  in  value.  As  soon  as  local  heat  is 
t;t-ncrated  the  whole  current  flowing  through  the  porcelain  body 
must  inevitably  be  concentrated  upon  a  route  so  narrow  that 
intense  heating  occurs  resulting  in  fusion  or  burning  and  the 
[ifi'luction  of  a  conducting  core. 

Portland  cement  is  generally  used  to  attach  the  metal  pins  and 
ca[is  to  the  i<'ircelain  insulator  bodies.  The  details  of  cement 
curing  are  well  known.  First  a  saturated  solution  is  formed  of  the 
new  ctmcnl  in  the  e.^cess  of  water  present.  When  the  insulator 
body  is  porous  such  saturated  solution  is  absorbed.  Later  all 
free  water  evaporates  ami  the  material  in  solution  in  the  pores 
of  the  porcelain  remains  as  crystals  [iroducing  great  mechanical 
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4.  Factory  materials,  design  and  technique  in  relation  to  sub- 
sequent failure  of  insulators. 

5.  Laboratory  science  studies  of  everything  that  can  be  per- 
ceived about  the  materials,  their  form  and  assembly  for  insulators. 

6.  Coordination  of  all  known  knowledge  that  can  have  any 
possible  bearing  upon  insulator  durability. 

Studies  have  to  be  made  by  factory  and  transmission  engi- 
neers and  by  ceramists,  geologists,  chemists  and  physicists  at  all 
of  these  specified  points  of  application.  Everywhere  the  work 
amounts  to  little  more  than  a  beginning  and  much  more  remains 
to  be  done  if  the  porcelain  insulator  is  to  be  made  thoroughly 
reliable  in  practise. 

In  a  conference  with  Dr.  J.  C.  Branner,  a  geologist  with  a  wide 
knowledge  of  rock,  clay  and  earth  products,  it  was  learned  that 
high  durability  must  not  be  expected  of  porous  bodies  even  when 
they  are  constituted  of  porcelain.  To  retain  the  original  integ- 
rity of  clay  products  generally  their  vitrification  must  be  carried 
far  enough  to  make  them  virtually  proof  against  the  absorption 
of  moisture.  In  witness  thereof,  he  exhibited  a  porous  clay  prod- 
uct dish  covered  with  an  imperfect  glaze.  A  student  in  biology 
for  a  comtemplated  experiment  had  dissolved  a  salt  in  some  water 
placed  in  this  dish.  Interest  in  the  undertaking  was  then  lost 
and  the  dish  containing  the  solution  was  allowed  to  stand  in  the 
laboratory  untouched  for  a  number  of  weeks.  In  the  meantime 
the  solution  entered  quite  generally  into  the  pores  of  the  porous 
dish  body.  Later  as  the  water  evaporated  from  the  dish  and 
from  its  porous  body  salt  was  deposited  throughout  the  pores. 
The  salt  formed  crystalline  structures  that  developed  excessive 
internal  mechanical  stresses  throughout  the  dish.  Complete  ruin 
of  the  dish  resulted,  chiefly  through  the  production  of  large  and 
small  spalls  and  cracks.  As  a  structure,  however,  the  dish  had 
remained  whole.  In  respect  hereof  materials  in  solution  are 
divided  into  two  classes: 

1.  Materials  that  expand  when  passing  from  the  liquid  to  the 
solid  state  by  freezing  or  by  crystallizing  from  a  saturated  solution 

2.  Materials  that  do  not  expand  in  the  same  circiunstances." 
The  former  materials  only  produce  the  mechanical  injury  in 

porous  structures,  though  injury  by  electric  conduction  that  each 
class  of  materials  may  cause,  so  long  as  any  moisture  remains  in 
them,  must  ever  be  kept  in  mind. 

Regarding  the  claim  that  ample  vitrification  of  porcelain  will 

14.      For  references  see  notes  at  end  of  paper. 
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brokenpntojsrnail  fra^tTioiits  Ix'fnre  beinj;  immersed  in  water. 
Even  so  it  is  quite  likely  that  the  best  porosity  measuring  tech- 
nique nf  the  reramist  will  have  to  be  improved  upon  in  order  to 
measure  with  fair  exactness  the  low  \'alues  of  porosity  that  occur 
in  hinh-voltaKe  [wrcelains  offered  for  acceptance.  The  above 
remark,  that  it  is  ordinarily  difficult  to  cause  water  to  penetrate 
slightly  porous  unglazed  porcelain,  applies  only  to  porcelain  in 
bulk  of  insulator  size. 

The  hunt  is  beiuR  continued  for  methods  by  which  slightly 
porous  porcelain  can  be  made  to  take  up  water  quickly  to  a  con- 
siderable depth  thereby  correspondingly  decreasing  the  insulation 
resistance  and  thus  to  determine  electrically  the  existence  of  the 
porosity  without  injuring  the  insulator.  The  following  tests 
were  applied  to  unmounted  insulators  having  caps  unglazcd  inside 
and  out  and  which  were  known  to  be  porous  because  their  re- 
sistance rose  through  oven  treatment.  The  last  method  tried 
and  here  listed  for  detecting  porosity  did  not  involve  water 
absorption : 

1.  Two  insulators  were  immersed  in  li\-e  steam  for  four  hours 
without  result  as  to  moisture  absorption. 

2.  They  were  immersed  in  \iv^  steam  for  four  hours  during 
which  cold  tap  water  was  circulated  through  the  interior  of  the 
caps  without  moisture  absorption  result. 

3.  Using  tap  water  electrodes,  2o,000  continuous  volts  were 
steadily  applied  through  the  cap  of  one  of  these  units  for  a  period 
of  two  hours  during  which  the  current  flowing  was  obsen-ed  in 
the  high-duty  mergger  outfit.  No  change  in  the  resistance  of  the 
insulator  ocrurrtnl,  showing  that  moisture  could  not  have  been 
driven  to  considerable  dci>ths  by  the  electrical  and  capillary 
forces  during  the  time  of  the  test, 

4.  A  trial  suggested  by  Mr.  J,  V.  Jnllyman:  Dried  jjorcelain 
known  to  be  iiorous  and  non-])orous  insulators  were  megged, 
using  10,000  continuous  volts  ajtpHcd  through  the  outer  layer  of 
the  cap  and  megged  again  after  soaking  in  tap  water  over  night. 
The  overnight  soaking  caused  the  resistance  of  the  porous  in- 
sulators, only,  to  be  lowered  decidedly. 

r>.  The  caps  of  dry  unmounted  porous  and  non-porous  insula- 
tors were  subjected  to  ten  kilovolts,  sustained  uniformly  at 
325,000  cycles  j>er  second  for  five  minutes,  Temjieratures  of  the 
outer  crowns  of  the  caps  were  taken  immediately  before  and 
after  the  test.  After  immersion  over  night  in  tap  water  the  tests 
were  again  repeated.     The  heating  of  the  dry  porous  insulators 
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was  slightly  more  than  of  the  dry  non-porous  while  for  those 
soaked  in  water  over  night  the  heating  was  deeidedly  greater  for 
the  porous  than  for  the  non-porous  insulators. 

It.  Trial  by  gaseous  conduction  in  lieu  of  electrolytic  conduc- 
tion: Dry  porous  and  non-porous  insulators  were  megged  again 
with  all  conditions  the  same  except  that  the  electrode  facing  the 
outer  surface  of  the  caps  was  constituted  of  ionized  gas  liberated 
from  an  adjacent  needle  point  connected  to  the  galvanometer 
and  proijerly  guarded.  The  results  showed  that  slight  jtorosity 
can  not  be  located  by  this  method. 

A  look  into  the  Transactions  of  the  American  Ceramic  Society 
reveals  the  fact  that  ceramists  have,  in  recent  years,  conducted 
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several  in\'estigations  of  electrical  porcelains  that  are  of  interest 
to  traiistuission  engineers.  As  the  contents  of  these  transactions 
do  not  appear  to  be  generally  known  the  author  ventures  to 
present  certain  diagrams  and  abstracts  taken  from  these  papers. 
In  a  study  of  explorations  to  find  jjorcelains  that  should  be 
suitable  for  high-voltage  insulators  at  the  University  of  Illinois, 
Bleiningcr  and  iitull-  made  up  about  450  sejiarate  and  distinct 
specimens  of  clays,  spars  and  flints  varying  in  kind  and  propor- 
tions. By  permission  of  the  American  Ceramic  Society  Figs.  13, 
14,  lo,  29,  '.id  and  ill  of  the  original  i)aper  are  reproduced  here- 
with. The  first  three  are  porosity'temperalure-composition  dia- 
grams and  the  last  three  are  corresponding  triaxial  diagrams_in 
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which  the  dielectric  strength  (by  slowly  applied  voltage  required 
to  puncture  under  oil)  and  composition  are  coordinated  topo- 
graphically. These  diagrams  are  self-explanatory  though  a  few 
corresponding  quotations  from  the  paper  are  helpful. 

"All  porcelain  bodies  absorbing  not  more  than  0.1  per  cent  of 
water,  by  weight,  upon  boiling  in  vacuo  are  considered  vitrified." 

"Tennessee  Ball  Clay."  "The  less  refractory  character  of  this 
clay  is  indicated  by  the  large  range  covered  by  the  temperature 
area  below  cone  10,  (1305  deg.  cent.)".     Figs.  13  and  29. 

"The  North  Carolina  Kaolin  offers  quite  a  contrast  to  the  last 
material,  in  as  much  as  its  vitrification  area  is  quite  small  at 
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which  the  dielectric  strength  (by  slowly  applied  voltage  required 
to  puncture  under  oil)  and  composition  are  coordinated  topo- 
graphically. These  diagrams  are  self-explanatory  though  a  few 
corresponding  quotations  from  the  paper  are  helpful. 

"All  porcelain  bodies  absorbing  not  more  than  0.1  per  cent  of 
water,  by  weight,  upon  boiling  in  vacuo  are  considered  vitrified." 

"Tennessee  Ball  Clay."  "The  less  refractory  character  of  this 
clay  is  indicated  by  the  large  range  covered  by  the  temperature 
area  below  cone  10,  (1305  deg.  cent.}".     Figs.  13  and  29. 

"The  North  Carolina  Kaolin  offers  quite  a  contrast  to  the  last 
material,  in  as  much  as  its  vitrification  area  is  quite  small  at 
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temperatures  up  to  cone  10.  The  range  is  decidedly  increased 
at  the  higher  temperatures."  Figs.  14  and  30, 

"The  English  China  Clay  differs  from  preceding  clays  in  that 
its  vitrification  boundaries  slope  far  more  gradually  in  spite  of 
the  fact  that  its  alkali  content  is  not  greater  than  that  of  the 
North  Carolina  kaolin."  .  .  "It  is  evident  that  thismaterial 

differs  considerably  from  similar  Amerfran  clays  in  this  respect 
due  to  its  structure  or  fineness  of  grain.  Its  vitrification  area  is 
quite  large."     Figs.  15  and  31. 

"Dielectric  Behavior."  The  voltages  have  been  arranged  in 
three  groups  which  are;  less  than  10,000  volts  per  mm.,  from  10,000 
tol4,000voltspermm.,andfrom  14,000  to  18,000  volts  per  mm." 
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IMini-luin.  refractoriness  and.  therefore,  toughness  and  i-itrious- 
nvM  i»r  impen'iousness.  are  to  be  gained  onl\-  through  a  high  con- 
U-iii  of  flint  fired  at  an  amply  high  temperature.''  Fused  fltnl, 
(juartz  'H*  silica  as  it  ts  variously  called  is  thus  indicated  as  the 
liniitint;  outcoTm.*  i>f  iht  use  of  more  flint  and  less  spar  and  clay, 
'^artx  goes  gradually  into  fluidity  only  at  a  higher  temperatare 
lhj«n  platinum  In  giving  up  its  cr\-sta)line  structure  through 
heat  it  is  subject  to  an  cxtraordinar>'  degree  of  cracking,  whereby 
it  captures  large  quantities  of  air  or  other  gase^  in  the  fumaee.'* 
It  is  difficult  to  fluidity  the  quartz  without  evaporation  suHicientty 
to  liberate  such  entrained  gases.  These  difficulties  have  been 
overcome  in  recent  years  sufficiently  so  that  chemical  ware  of 
fi  ^ed  quartz  can  now  be  afforded  to  a  limited  extent.  Once  fused 
and  freed  of  gas  "blebs'",  quartz  has  incomparable  electrical,  re- 
fractor\-  and  thermal-mechanical  properties.  It  is  itot  injured  if 
when  red  hot,  it  is  plunpcd  into  cold  water.  When  it  can  be 
fluidified  by  spuciai  treatment  in  an  electric  furnace  suBicientlv 
t'j  be  cieareil  of  all  entrained  gas  it  may  then  be  cast  in  cold 
metal  moulds  to  form  high-voltaj;e  insulators.  Until  this  can 
be  done  with  quartz  or  some  materials  having  much  the  same 
pTot'crtics.  irtjrcelain  will  doubllees  R-matn  in  use  for  such  purpose. 

Wet  process  p-urce^ain  is  roughly  moulded  to  form  in  the  plastic 
=ia;c-.  then  dried  to  the  "Icathcrhead"  slate,  removed  from  the 
m'juM^,  nxjlcd  to  c.\act  fonn.  slowly  fired  and  slowly  cooled  with- 
ou:  further  resort  to  moulds.  This  solid  vitrification  without  the 
iisf  of  moulds  and  without  defonnation  is  at  once  its  greatest  ad- 
vanta^^t.-  and  di-;advanta^'e.  The  initial  stat;es  of  the  process 
devcl'i!)  a  jjore  system  in  thei^rccn  j"^^c■elaill^•ndy  thai  can  tw  elim- 
inated or  rendered  vesicular  i-nly  by  ihe  be-it  [".issible  technique 
a;i;'Iie'!  Vf  eaeh  and  every  I'icee  in  al!  stairesof  the  pnx-css.  Since 
■;.;•  ;-  ri'.t  vrar  ;iial>]e  ••u  a  lar^c  scale  it  is  incvitablo  that,  in  the 
:a-  ■■■r;.-  ;.r'p'hii  ■.im.  of  hi;,-h  ;:rade  elect riea!  ;"ireelain  some  of  the 
].,:■:  ^-rade  iru-t  be  JToduced  alnni:  with  it.  The  imix^nance  of 
;i'.':  ::-■;. ro\err.eii'<  and  of  tcs-.s  for  the  cliTiiinatir-n  of  structurally 
ir:r'cr:V-f  r  ar.d  atir'Tcciahl'.-  ;  ■■iritis  ]">rcelains  and  of  the  operating 
-■n.N.v  .,-  ■h..r..ii-hlv  ~in-r]::-  the  finishc-d  insulators  so  as  to 

■'-:--.:    -.7.    ■-  ■     :■-:.   •■• I -:-!■.. re  than  , me  imreo.>:ni2e..l  defective 

:■.-■■.:, ,■■■7  ■■■  :■  .-  -  i-.-iU-il  y.\  tV.c  -ranie  siriri;:  is  made  manifest  by 
a -:u'i;.  I-:  ■hi-t  n-iilts  ol. gained  by  the  ceramists. 

An  invcs:i.:;a*.:MTi  by  Weimar  and  Dunn''  undertaken  in  the 
depart  ;-:en:  ofcc.rar'.ies  nf  the  L'nivcrsity  of  iihif  yielded  valuable 
k:vpv.-'.ei.lL:c  as  tn  ■.i.e  manner  in  which   insnlatinf;  qualities  of 
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the  Transactions  of  the  Royal  Society  of  London, 
temperatures  and  corresponding  specific  resistances 
lain"  ranging  from  1.63  deg.  cent,  to  81.93  deg,  cent. 
of  the  contents  of  the  paper  reveals  the  fact  that 
here  reported  lost  resistivity  within  the  stated 
range  at  the  uniform  logarithmic  rate  of  100  to  1  fc 
values  in  a  rise  of  temperature  of  ,51.2  deg.  cent, 
ponding  average  value  obtained  from  the  results  ■ 
Clark  as  reported  in  his  present  paper  is  40  deg.  ■ 
temperature.  Considering  the  circumstances  these 
temperature  relations  are  in  fair  agreement. 
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Weimar  and  Dunn  state  that  their  work  "covered 
known  a.s  the  'critical  temperature'  or  that  tem])crat 
porcelain  ceases  to  be  an  insulator  and  becomes  a  co 
to  a  small  extent  the  effect  of  composition  upon  the  s 
results  obtained  arc  charted  in  Fig.  f>  reproduced  fro 
by  permission  of  the  American  Ceramic  Society.  TJ 
mens  were  cuiHshajjed  0.15  in.  (3.8  mm.)  thick  h 
ojK-n  "electric  furnace"  and  jmncturcd  with  liO-c 
steadily  increased  to  the  rupturing  value. 

Having  in  mind  the  heat  resisting  duty  that  jjorcc 
voltage  insulators  is  expected  to  render  when  some  I 
"trouble"  occur,  it  is  a  shock  Lo  one  when  he  comes 
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iTitnltd  fur  tht'  lirsl  tiiiir.     Above  300  ddf..  cent,  it  was  found  that 
lln'  iMHvcldins  tt'liuiitHl  virtually  no  dielectric  strength  and  that 
hU  n)i|)litHl  volUiRO  was  i.xin»unu\l  in  setting  up  current  through  , 
llip  Iwt  BiMviiufH  funolioiniiK  as  an  electrolytic  conductor. 

AlKSOWLKDGMENT 

rtif  rtUlhi'v'i.  siuih'  .'I'  the  service  durability  of  high-voltage 
<>U«|>t>it''U>ti  niMilttU'rs  wiiiild  not  have  been  feasible  without  the 
ihImiv.  In'l|>l(il  Ji>ii-iis!iiun  and  hearty  ciioperation  of  the  fnllowinf; 
vi.ti.nvis.  \l,■^sl■^  j  !■:  Woodbriilgc.  J.  P,  jnllyman,  H.  A, 
lliUlv  .iU.I    1     -\     KnotltX. 

CoNCLl"S10\S 

I  Ai'i'ii'*i;il»ly  porous  porcelain  should  not  be  employed  for 
aiiii.i'iLiiMii  insulators.  Under  the  action  of  the  elements  their 
laihiu'  iiiiisl  occur  in  due  course  of  time. 

;,'.  I'l'iufiit  used  for  setting  up  rap  and  jjin-type  suspension 
iii^tiliilors  should  be  non-porous  nr  rendered  non-iiorous  for  rea- 
M.iih  sft  forth, 

II  lifcOKnition  of  porosity  as  a  contributing  cause  of  suspen- 
■>iuri  insulator  failures  has  not  lessened  the  importance  of  design 
li-iitiires  that  reduce  erackin({  throuj^h  differential  thermal  cxpan- 
siiuis  and  failure  through  electrical  ovorstresses  and  the  heat  of 
heavy  flash-overs. 

1.  Defective  materials  in  otherwise  well  designed  and  manu- 
faclurcii  insulators  have  been  resi)onsible  for  most  of  their  service- 
durability  failures, 

."».  Clear  fused  quartz  ai)iiears,  technically,  to  be  a  desirable 
substitute  for  porcelain  in  the  cnnstniction  of  suspension  insu- 
lalorv. 
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the  Transactions  of  the  Royal  Society  of  London.  It  includes 
temperatures  and  corresponding  specific  resistances  of  a  "porce- 
lain" ranging  from  1,63  deg.  cent,  to  81.93  deg.  cent.  Inspection 
of  the  contents  of  the  paper  reveals  the  fact  that  porcelain  as 
here  reported  lost  resistivity  within  the  stated  temperature 
range  at  the  uniform  logarithmic  rate  of  100  to  1  for  the  actual 
values  in  a  rise  of  temperature  of  i51.2  deg.  cent.  The  corres- 
ponding average  value  obtained  from  the  results  of  Professor 
Clark  as  reported  in  his  present  paper  is  46  deg.  cent,  rise  in 
temperature.  Considering  the  circumstances  these  resistivity- 
temperature  relations  are  in  fair  agreement. 
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Weimar  and  Dunn  state  that  their  work  "covered  that  region 
known  as  the  'critical  temperature'  or  that  temperature  at  which 
porcelain  ceases  to  be  an  insulator  and  becomes  a  conductor  and 
to  a  small  extent  the  effect  of  composition  upon  the  same."  The 
results  obtained  arc  charted  in  Fig.  6  reproduced  from  the  paper 
l)y  permission  of  the  American  Ceramic  Society.  The  test  speci- 
mens were  cup-shaped  0.15  in.  (3,8  mm.)  thick  heated  in  an 
open  "electric  furnace"  and  punctured  with  60-cycle  voltage 
steadily  increased  to  the  rupturing  value. 

Having  in  mind  the  heat  resisting  duty  that  porcelain  in  high- 
voltage  insulators  is  expected  to  render  when  some  forms  of  line 
"trouble"  occur,  it  is  a  shock  to  one  when  he  cow\e^  a.cTCi?a  N!;c\.e5e 
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results  for  the  first  time.  Abuvc  300  dej^.  cent,  it  was  found  that 
the  porcelains  retained  virtually  no  dielectric  strength  and  that 
al!  ajiplied  voltage  was  consumed  in  setting  up  current  through 
the  test  specimen  functioning  as  an  electrolytic  conductor.         J 
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CoNCLi  siu.vs  m 

1,  Appreciably  porous  porcelain  should  not  be  employed  for 
suspension  insulators.  Under  the  action  of  the  elements  their 
failure  must  occur  in  due  course  of  time. 

2.  Cement  used  for  setting  up  cap  and  pin-type  suspension 
insulators  should  be  non-porous  or  rendered  non-i)orous  for  rea- 
sons set  forth, 

3-  Recoj^nition  of  porosity  as  a  contributing  cause  of  suspen- 
sion insulator  failures  has  not  lessened  the  importance  of  design 
features  that  reduce  cracking  tlirounh  dilTurential  lherm<il  expan- 
sions and  failure  through  electrical  overstresses  and  the  heat  of 
heavy  flash-overs, 

4,  Defective  materials  in  otherwise  well  designed  and  manu- 
factured in.'iulators  have  been  res|)onsible  for  most  of  their  service- 
durability  failures, 

,"),  Clear  fused  quarts;  appears,  technically,  to  be  a  desirable 
substilulc  for  porcelain  in  the  conslruction  of  suspension  insu- 
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EXPERIMENTS    ON  PORCELAIN  SUSPENSION 

INSULATOR    UNITS 


BY  J.  CAMERON  CLARK 


Abstract  of  Paper 

The  author  gives  a  very  complete  description  of  the  experi- 
ments on  porcelain  suspension  insulator  units  carried  on  at 
Stanford  University  by  him  and  his  assistants  under  the  direc- 
tion of  Prof.  H.  J.  Ryan.  He  explains  the  preliminary  organi- 
zation necessary,  the  scope  of  the  tests,  and  the  unusual  equip- 
ment required  to  measure  the  very  high  resistance  of  sound,  dry 
insulators.  Preliminary  resistance  measurements  were  made 
on  all  normal  batches  of  porcelain  units  and  the  results  tabulated, 
as  also  were  results  obtained  when  the  units  were  subjected  to 
mechanical  stress,  to  voltages  ranging  from  1,000  to  30,000,  to 
temperature  variation.  Another  set  of  tests  was  made  to  deter- 
mine the  effect  of  moisture  in  insulators.  Drying  insulators  for 
a  few  hours  in  an  oven  at  150  deg.  cent,  produced  very  conclusive 
results  of  the  effect  of  moisture  in  lowering  resistance.  Attempts 
were  made  to  water-log  units  by  soaking,  by  soaking  with  a  tem- 
perature cycle  applied,  by  subjecting  units  under  various  condi- 
tions to  a  steam  pressure  of  60  lb.,  and  by  a  vacuum  treatment  of 
insulators  before  soaking.  A  brief  statement  is  given  of  the  con- 
clusions arrived  at. 


Introduction,  Origin  of,  and  Organization  for  the  Work 

THE  WORK  of  Prof.  Ryan,  The  work  of  Prof.  Harris  J. 
Ryan  at  Stanford  University  in  the  winter  of  1915-16  demon- 
strated both  the  feasibility  and  the  desirability  of  measuring  the 
insulation  resistance  of  suspension  insulator  units  having  resis- 
tances in  the  range  between  5000  megohms  and  several  millions 
of  megohms.  To  illustrate:  It  was  shown  by  Prof.  Ryan  that 
certain  units  having  insulation  resistances  of,  say,  15,000 
megohms  could  be  punctured  in  the  air  on  60-cycle  voltage. 
The  ordinary  portable  megger  of  5000-megohms  maximum  scale 
reading  will  give  a  reading  of  infinity  for  such  a  unit,  as  it  is 
unable  to  differentiate  between  units  of  6000  and  1,000,000 
megohms,  whereas  a  dry,  sound  porcelain  insulator  will  have  a 
resistance  of  the  order  of  1,000,000  megohms  or  one  **megameg- 

*These  values,  as  well  as  all  other  resistance  values  contained  in  this 
paper,  are  referred  to  a  temperature  of  20  deg.  cent,  unless  otherwise 
mentioned. 
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Inn".  Prof.  Ryas  also  ilisriosed  thv  bux  that  sume  units  he- 
mne  much  lower  in  insulation  reststanct  when  subjected  to 
proloinged  soaking  in  water 

Orpmisatiom  for  tests.  This  woric  stimulated  ttiuc^  thciught 
among  high-voltage  engineers  and,  in  particular,  it  aided  in 
cr}'5tallizing  a  desire  among  them  to  develop  a  method  by  which 
it  would  be  possible  to  detect  faulty  units  with  certainty,  thus 
rendering  it  possible  to  avoid  their  installation.  Accordingly,  a 
committee  of  engineers  was  lormed  in  May.  1916  to  undertake 
experimental  investigations  of  suspension  insulator  units.  batHag 
as  their  broad  purpose  the  production  of  test  methods  by  vbicfa 
to  detect  with  certainty  and  celerity  all  units  which  are  electric- 
ally weak.  Ob\Tously.  there  is  much  difference  of  opinion  on  the 
classifiration  of  insulators  as  electrically  "weak"  and  "'strong". 
It  is  held  by  the  comraittee.  however,  that  any  unit  which  is 
either  weak  at  time  of  test  <>r  give*  any  indication  whateTi-^r  of 
the  capabihty  of  developing  weakness  through  lapse  of  time  is 
to  be  condemned  as  weak. 

The  financial  support  of  the  work  has  consisted  in  contribu- 
tions from  a  number  of  the  California  power  companies.  These 
L-omj.-ames.  besides  certain  insulator  manuiaclurers.  have  ct.n- 
'.ribuied  liberaiiy  in  test-sptcimeni  which  fli!!  he  iouD>I  iliusira- 
ted  and  briedy  described  in  connection  with  '■Preliminary-  Resist- 
ance Measurements*". 

The  facilities  of  the  electrical  laboratories  of  Stanford  Uniii-er- 
sity  were  placed  at  the  disposal  of  the  committee  during  the  three 
suTT.rr.er  vaoa:i<:T.  month?  of  June.  July,  and  August.  1916;  and 
:he  ^"ritt-r  and  assistants  were  employeil  during  this  period  to 
■.  rij^-c-.-.te  the  testing;  work. 

[LXPiBI.MtNT.\L    WuRK 

.VTip--  v  Tt!-.:.  It.  ^iiiditiMn  to  the  ::icaiurenient  of  the  in- 
iuliti'.'T.  rt-jiitir.^c  ■:■:  ever}-  ir.iu'.at-jr  unit  :r.  the  condition  in 
•.v'r.icr.  ::  r^rrive'i  it  the  'riV.invticy.  the  ii:r:ir:'.t.T's  work  consisted 
'.ar.o'.y  ir.  itti--;;  ::r.^  :o  lie^.t-mvine  the  inr^ueriCi;-  o:  certain  ira- 
t'.rt.'ir.:  : '.y-w::'.  ^i  ri!;:-.'  -5  :■:  the  insulator  units  upon  their 
ir.£-jl:r.i'-r.  rt--:>:.;r...L-.  Thu  ;  hvsic;-,!  on^  I  it  ion?  '.vhich  have  been 
thu;  ir.vi-s::,'i".e'i  arc.  Trt-ohfinioa!  stress,  electrical  stress  < using 
1^ r.'.:r.::>y^i  ■.■o!*..-..-?  .  temperature,  absorhe-i  moisture. 

"■-.;..  ro.'.'dsf  .l/fj^fT,     Since  the  resistance  of  a  sound,  dry 
'---;'-.-  air  temj.^ra:ure  is  exceedingly 
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rather  unusual  equipment  with  which  to  measure  this  quantity. 
Without  entering  into  a  discussion  of  the  possible  apparatus  for 
this  purpose,  it  may  suffice  to  say  here  that  it  was  decided  to 
employ  25,000  volts  continuous  pressure  current  through  the  in- 
sulator, and  to  use  as  sensitive  a  D 'Arson  val  type  galvanometer 
as  could  be  had  conveniently,  to  measure  the  current. 

The  pieces  of  apparatus  which,  taken  collectively,  may  be 
called  the  high -voltage  megger  are  shown  diagrammatically  in 
Fig.  1.  Ti  is  a  33-kv.  transformer  which  supplies  charge  to  the 
air  condenser  C,  at  high  voltage  through  the  kenotron  K,  Tt  is 
an  insulating  transformer  through  which  the  heating  current  is 
furnished  to  the  cathode  filament  of  the  kenotron.     The  contin- 


FiG.  1 — High  Voltage  Megger — Connection  Diagram 


uous  high  voltage  is  impressed  upon  the  insulator  at  S  through 
the  resistance  R  which  is  provided  as  a  protection  to  the  kenotron 
against  a  possible  short-circuit  of  the  load  at  S.  R  is  adjusted 
to  allow  only  full-load  current  for  the  kenotron  to  flow  on  such 
a  short-circuit,  and  with  25,000  volts  on  the  circuit.  The  gal- 
vanometer G  is  connected  in  the  test  circuit  next  to  ground. 
The  connections  from  the  low -voltage  side  of  the  insulator  to  the 
galvanometer  are  described  in  detail  below. 

The  use  of  25,000  volts  on  the  insulator  results  in  an  amount  of 
surface  leakage  vastly  in  excess  of  that  which  occurs  with  the  600 
to  1000  volts  ordinarily  used  in  megger  tests.  Most  of  this  leak- 
age is  in  the  form  of  corona,  and  hence  cannot  be  eliminated  by 
any  amount  of  careful  cleaning  of  the  surface  of  the  insulator. 
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length  of  tlic  wii 


It  is  accordingly  necessary  to  conduct  all  such  strays  directly  off 
to  ground  by  a  path  around  the  giilvanoineter.  Fig.  2  shows  the 
scheme  used.  Whenever  possible,  ordinary  tap-water  is  used  to 
make  connection  to  uncemented  porcelain  blanks,  and  to  make 
guard-rings,  as  it  is  very  convenient  in  application.  With  units 
unprovided  with  petticoats,  a  felt  ring  saturated  with  water  is 
laid  on  as  a  guard-ring,  and  the  can  guard  is  set  directly  on  top 
of  this  felt  ring.  A  grounded  lead  sheath  protects  the  entire 
i>  running  froin  insulator  to  galvanometer,  while 
the  instrument  is  remote  enough 
from  the  high-voltage  parts  of 
the  circuit  to  be  immune  from 
stray  currents  through  the  at- 
mosphere. 

Adjustment    of    the    megger 
I.  \'oltage  is  secured  bv   means  of 
an  auto^transformer  with  multi- 
tap  secondary  feeding   through 
a  controller  into  the  primary  of 
I,  the  33-kv.  transformer,  while  a 
voltmeter  connected  across  this 
primary  ser\'es  to  determine  the 
megger    \'oltage,     a    calibration 
curve  of  the  megger  in  terms  of 
the  primary  voltage  having  been 
■tired   by  means  of   a   7-inch 
II  a7-"-cm.)  sphere  gap- 

M  Pri'linii'iary  Resistance  Meas- 

„        ^,     ^  ,  iirements.     Table  I  is  a  summary 

of  the  resistance  measurements 
made  on  all  of  the  normal 
batches  of  porcelain  units  immediately  upon  their  arrival  at  the 
laboratory.  The  UK  units  are  uncemented  blanks  of  the  same 
make  and  year  as  the  assembled  units  of  the  /  series.  The  U  H 
units  are  blanks  corresponding  in  every  way  to  those  used  in  the 
assembled  //  units.  The  photographic  reproductions,  Figs,  3 
to  1(1  inclusive,  illustrate  all  the  types  of  units  listed  in  the  table. 
Table  I  also  contains  letters  designating  which  insulator  units  are 
from  a  common  maker.  To  illustrate:  Units  C, //,  aad  H  M 
were  all  made  by  the  same  manufacturer,  C.  It  will  thus  be  seen 
that  the  jiorcelain  products  of  four  different  makers,  A,  B,  C,  and 
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It  is  not  clear  why  there  should  be  a  difference  between  the  resis- 
tance valuesL  obtained  for  these  units  at  low  voltage  and  at  high 
v^oltage  since  quite  a  variety  of  low-  and  high -resistance  units 
tested  over  a  range  of  1000  to  30,000  volts  have  shown  no  varia- 
tion of  resistance  over  that  range. 

Ternperature'Resistance  Studies.  Early  in  the  work  it  was 
brought  forcibly  to  the  attention  of  the  test  force  that  the  tem- 
perature of  an  insulator  is  a  factor  of  the  greatest  importance 
in  its  behavior  under  the  megger  test.  To  illustrate  this  point, 
Table  III  is  presented. 

TABLE    HI. 


Resistance   as  first 

Resistance  as  later 

Unit  No. 

measured, 

measured.  20 

mega  megohms 

deg.  cent, 
megamegohms 

1  .13 

1  .25 

1.03 

1  A4 

1  .04 

0.99 

1  .1  5 

1.09 

1.12 

1  A  0 

0.03 

1.09 

1  A  7 

0.60 

0.74 

1  A  8 

2.08 

1  .01 

2  A  1 

0.83 

1.11 

The  second  column  gives  results  which  were  obtained  before 
the  influence  of  temperature  upon  the  resistance  of  an  insulator 
was  fully  appreciated.  The  units  had  been  lying  in  the  hot  sun 
for  about  an  hour  for  the  purpose  of  drying  following  a  washing 
which  had  been  given  them.  They  had  then  been  brought  into 
the  laboratory  and  laid  on  the  floor  for  various  lengths  of  time 
ranging  from  15  to  45  minutes  before  being  megged.  It  was  then 
assumed  that  the  room  temperature  (25  deg.  cent.)  could  be 
taken  as  the  temperature  of  the  units  without  much  error.  The 
third  column  gives  later  results  obtained  after  the  units  had 
reached  a  carefully  determined  steady  temperature  of  20  deg.  cent. 
The  lack  of  concord  between  the  results  in  the  second  and  third 
columns  shows  clearly  the  necessity  for  more  careful  work  in 
this  respect  and,  together  with  other  similar  observations,  in- 
dicated the  need  of  making  a  rather  careful  study  of  the  resistance 
of  porcelain  as  a  function  of  temperature.  An  oven  was  there- 
fore constructed  which  makes  it  possible  to  heat  up  eight  units 
simultaneously  and  to  megg  them  conveniently  one  after  another 
on  25,000  volts  continuous.  All  units  rest  on  a  common  grate 
npon  which  is  impressed  the  high  voltage.     Eight  low-volta-^ 
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V  y,;>4ec     Tlic  coils  are  placed  at  the  height 

sad  are  otherwise  at  locations  so 


i 


[■liiiscn  within  tht-  oven  as  to  make  it  possible  to  judj;e  of  the 
resistance  of  a  unit  with  a  precision  ranj;in};  from  0.2  deg.  cent. 
:il2.-.  den.  I"  1  'iL-n-  fillMdej;. 

The  results  of  the  study  of  six  different  insulator  units  are 

'  ■■■'■n  in  the  ciiives  of  Fij;.   11.     An  c.xccedinKly  rapid  rate  of 

■-•■mce  with  incrcasinR  temperature  is  shown  by 

■-  substantiallv  the  same  for  all  the 
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a  curve  derived  from  the  temperature-resistance  curves  of  porce- 
lain units  which  has  been  found  very  useful  in  reducing  to  a 
common  temperature  basis  of  20  deg.  cent,  resistance  measure- 
ments made  over  a  temperature  range  of  17  to  27  deg.  cent. 

Moisture  in  Insulators 

Results  of  Drying  Out  Insulators.     That  some  high-voltage 

porcelain  absorbs  enough  moisture  to  lower  its  resistance  is 

shown  conclusively  by  the  results  of  drying  numerous  insulator 

units  for  a  few  hours  in  an  oven  at  ISO  deg.  cent.     All  the  insu- 


Jm 

"5 

r  t 

5,.      3t 

1          \ 

i,«       S 

^                A 

i"            s 

L            '^ 

^s 

^^ 

Tbuperatukb  Reduction  CuRi 


latofs  investigated  in  this  way  fall  naturally  into  three  classes 
(see  Table  IV)  as  determined  by  the  effect  of  the  drying  upon 
their  resistance;  viz.,  (a)  those  practically  unaffected  by  any 
amount  of  drying,  (b)  those  raised  in  resistance  by  20  to  400  per 
cent,  (c)  those  enormously  raised  in  resistance,  i.e.,  hundreds  or 
thousands  of  times.  A  result  of  this  natural  division  of  the  units 
has  been  for  the  test  force  to  call  classes  (a),  (b),  and  (c)  respec- 
tively "non-porous",  "  slightly  porous",  and  "very  porous". 

Allempis  to  Waler-lon  Units.  It  is  obvious  that  a  very  easy 
laboratory  test  for  the  detection  of  porosity  in  an  insulator  is  the 
high-voltage  megger  test,  provided  the  insulator  is  already  water 
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logged.  However,  many,  if  not  all,  very  soggy  units  (i.e.,  units 
reading  below  infinity  on  the  5000-megohm  megger)  may  be 
raised  by  a  few  hours  drying  to  an  apparently  perfect  condition 
in  which  they  pass  a  60-cycle  dry  spark-over  test  in  air.  It  has 
accordingly  been  regarded  as  essential  that  a  method  be  found 
by  which  porous  units  may  be  made  to  take  up  water  quickly 
inasmuch  as  any  test  which  consumes  weeks  or  months  of  time 
in  order  to  establish  porosity  cannot  be  considered  to  have  prac- 
tical or  commercial  value. 

Early  in  the  work,  the  soaking  of  porcelain  units  in  water  at 
ordinary  atmospheric  temperatures  was  undertaken,  but  it  be- 
came evident  that,  by  this  method,  water  enters  wet-process 
porcelain  units  with  extreme  slowness,  even  in  the  case  of  units 
which  have  been  called  in  the  laboratory,  *Very  porous*'. 

It  was  then  suggested  that,  along  with  the  soaking,  a  temper- 
ature cycle  be  applied.  It  was  the  idea  that  there  might  exist  a 
sort  of  breathing  action  caused  by  volumetric  changes  of  the 
material  under  changing  temperatures  which  would  draw  water 
into  the  extremely  attenuated  pores  of  the  porcelain.  Accordingly, 
five  units  which  were  believed  to  have  varying  degrees  of  porosity 
were  selected  and  put  through  the  following  cycle;  Put  into  tub 
of  water  and  water  brought  from  30  deg.  cent,  to  boiling,  1 
hour;  water  being  boiled,  i  hour;  water  being  cooled  to  30  deg. 
1  hour,  units  cooled  in  "cold  tank'*,  (20  deg.  cent.),  J  hour. 
This  cycle  was  repeated  two  or  three  times  per  day.  The  results 
are  shown  in  Table  V: 

TABLE   v. 
"ACCELERATED    SOAKING"— RESISTANCES   IN    MEGAMEGOHMS. 


Total  cycles 

U  B'6 

U  B5 

U  Bid 

U  B14 

U  K13 

0 

0.75 

0.73 

0.0085 

0.53 

0.80 

1 

0.55 

0.41 

0.011 

0.36 

0.62 

2 

0.06 

0.57 

0.030 

0.39 

0.80 

3 

0.61 

0.55 

0.021 

0.36 

0.76 

5 

0.66 

0.84 

0.046 

0.36 

1.27 

As  shown  by  the  table,  the  only  positive  effect  of  this  process 
was  to  raise  the  resistance  of  some  of  the  units  treated.  This  is 
no  doubt  due  to  a  rapid  driving  out  of  water  from  the  porcelain 
during  the  boiling  part  of  the  cycle. 

Another  ''accelerated  soaking"  test  was  next  attempted  in 
which  the  boiling  part  of  the  cycle  was  eliminated,  the  water 
being  carried  to  a  maximum  temperature  of  75  deg.  cent.     The 
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«wm(  fr*.>'iW*»v'yi>'^i '"'  ''^  (.uwvious  test  were  subjecte<1  to  this 
iM>r>^i^^**i7      *^*>  •*»<Hlts  »rr  shi>wn  in  Table  VI. 
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t,«.3 

^«U 

L-KI3 

(I.7M 

o.twa 

u.;i4 

0.99 

o.ooas 

o.aa 

o.iis 

0.M 

U,(H1 

0.0011 

(J  ,07a 

O.M 

O.HB 

0.00074 

0.03S 

o.w 

1 1.  1,1  ■.t'vii  from  Table  VI  that  the  rather  porous  units  U  B  13 
■Kill  (  H  14  Mtt  rapidly  brought  down  in  resistance  by  the  24 
.  \  ilfs.  of  tU'Mtment,  but  that  the  slightly  porous  unit  U  K  13  has 
ti..L  bu^u  utTtfted  at  all. 

it  wuH  suggested  that  the  entry  of  water  into  the  pores  of 
liou'i-laiii  iiiinht  be  expedited  by  keeping  one  side  of  the  porcelain 
t'x|MiHfd  to  the  atmosphere  while  water  is  applied  to  the  other,  it 
fii-iiiH  thv  thi?ory  that  the  application  of  water  to  both  sides  of  the 
unit  iraijsa  certain  amountof  air  within  the  jwres  effectually  pre- 
Vfiiriiif;  the  entire  filling  of  the  pores  with  water.  To  test  this 
ilnnry,  two  very  porous  units  w^re  selected  and  water  was  ap- 
|ilif(i  to  one  side  of  each.  With  a  cemented  unit,  B  MSO,  the 
insulator  was  inverted  and  water  was  simply  poured  around  the 
[lin  within  the  inner  skirt  of  the  unit  and  allowed  to  remain  there 
for  about  two  weeks.  In  the  case  of  the  other  unit,  U  B  18, 
which  is  an  unccmented  porcelain  blank,  a  rig  was  devised  by 
which  the  pin  cavity  was  filled  with  water  and  kept  under  60  lb. 
]>er  sq.  inch  (4,2  kg.  per  sq.  cm.)  pressure  for  about  30  hours. 
In  neither  case  was  there  any  material  acceleration  of  the  water 
;ibs<jrption  beyond  that  which  would  occur  with  ordinary  soaking 
of  the  entire  unit  in  water. 

Since  the  negative  results  obtained  in  the  application  of  water 
to  one  side  of  porcelain  units  may  imply  that  the  pores  of  the 
material  are  of  such  minute  section  that  water  enters  them  rapid- 
ly when  in  gaseous  form,  it  was  concluded  to  try  the  application 
ot'  steam  to  one  side  of  a  porous  unit.  The  test  rig  mentioned 
in  the  jirevious  paragraph  was  therefore  modified  to  permit  the 
unit  ui  be  heated  from  the  outside  hot  enough  to  generate  steam 
within  the  ])in  cavity  while  the  latter  is  kept  filled  with  water  at 
(U)  lb.  per  square  inch  ]>ressurc.  Thus  steam  at  (iO  lb.  (27.2  kg.) 
I)ressiirc  is  a|)|)lied  to  the  inner  surface  of  the  pin  cavity.      Unit 

n  H  \H  iivi^  ..ii'^n  lll■..^.m^«„f  tViiv  <li-;.m  tr^.-itmpnt  Mpunhiri 
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readings  taken  just  before  the  test,  and  again  as  soon  afterward 
as  the  unit  had  become  cold  are  respectively  310,000  and  1050. 
This  shows  a  remarkably  rapid  lowering  of  the  resistance.  This 
lest  was  also  applied  to  unit  U  K  13  which  had  been  considered 
to  be  a  slightly  porous  unit  from  the  results  of  the  first  "accelerated 
soaking"  test,  see  Table  V.  However,  megger  readings  taken 
just  before  three  hours  treatment  of  the  unit  and  afterward  as 
soon  as  the  unit  had  become  cold  show  in  each  case  a  resistance 
of  0.85  megamegohms. 

Vacuum  treatment  just  before  soaking  has  been  tried  with  a 
number  of  units  believed  to  be  of  varying  degrees  of  porosity. 
The  results  of  one  such  test  are  shown  in  Table  VII. 


TABLE    VII. 
VACUU.MAND  PRESSURE  TREATMENT— RESISTANCES  IN  MEGAMEGOHMS. 


Unit  No. 

Resistance  in  megamegohms 

Aug.  16 

Aug.  17 

Aug.  18 

r  B2 

0.00052 

0.00028 

0.00019 

C76 

0.123 

0.0101 

0.0029 

CI 

0.79 

0.94 

1  .00 

a  .->o 

1  .GO 

1  .01 

1.74 

G  «)() 

1  .r»9 

1  .79 

1  AMi 

6  71 

1  .(39 

1  .50 

1  .61 

GSl 

1.51 

1  .45 

1.42 

Remarks  on  previous  status  of  unit. 


Considered  "very  porous"  because  of 
rapid  lowering  of  its  resistance  in  cold 
water  soaking: 

Considered  "very  porous"  because  its 
resistance  lowered  rapidly  when  stored  on 
concrete  floor  in  a  cool  place. 
Considered  "slightly  porous"  as  its  resis- 
tance rose  decidedly  when  stored  in  a 
warm,  dry  place. 

Considered  "slightly  porous"  because  its 
resistance  rose  somewhat  due   to   drying 
in  oven. 
Same  as  G  50 
Same  as  G  50 
Same  as  G  50. 


The  values  of  resistance  for  Aug.  16  were  obtained  just  prior 
to  placing  the  units  in  the  vacuum  tank.  On  Aug  16,  the  units 
were  put  under  a  25-inch  (63.5  mm.)  vacuum  for  IJ  hours,  and 
while  the  vacuum  was  maintained,  water  was  run  into  the  tank 
until  the  units  were  covered.  The  water  was  allowed  to  remain 
over  the  units  at  atmospheric  pressure  overnight  (15 hours), and 
the  results  for  Aug.  17  were  then  obtained.  A  25-inch  vacuum 
was  again  applied  to  all  the  units  for  five  hours  which  was  fol- 
lowed up  immediately  by  water,  the  vacuum  being  maintained 
until  the  tank  was  filled  with  water.  The  water  was  kept  under 
the  supply  pressure  of  60  lb.  per  sq.  inch  above  atmosphere 
over  night  (14^  hours),  and  the  values  of  Aug.  18  were  then  ob- 
tained. As  shown  by  the  tg,ble,  decided  lowering  of  resistance 
occurred  only  in  the  cases  of  the  "very  porous'*  \xcv\\^» 
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With  but  two  exceptions,  the  methods  which  have  been  tried 
in  attempting  to  water-log  units  rapidly  have  been  fairly  success- 
ful in  the  cases  of  units  known  to  be  very  porous.  These  two 
exceptions  are  the  ordinary  soaking  in  cold  water  and  the  attempt 
to  accelerate  water -logging  by  heating  and  cooling  wherein  boil- 
ing occurred  during  the  cycle,  Hov^ever,  no  method  has  yet  been 
found  by  which  the  slightly  porous  units  can  be  made  to  lake 
water  rapidly.  That  efforts  to  this  end  have  failed  is  remarkable 
in  view  of  the  fact  that  the  water  may  be  driven  out  of  such  units 
in  a  very  few  hours  by  heating  them  at  150  deg.  cent.  Whether 
these  insulators  would  deteriorate  in  actual  line  service  is  a  de- 
batable question,  the  discussion  of  which  lies  outside  the  scope 
of  this  paper. 

CuNt  Ll  siu.\ 

Mtich  of  the  work  of  the  summer  has  been  concerned  with  the 
study  of  moisture  absorption  in  porcelain  insulators  as  indicated 
by  their  insulation  resistance.  This  is  largely  due  to  the  fact 
that  few  other  characteristics  of  the  specimens  submitted  have 
seemed  so  much  worth  while  investigating  as  their  porosity.  In 
this  connection,  it  is  imjiortant  to  note  that  very  little  trouble 
with  cracking  due  to  expansion  of  meiaJ  pans  is  in  evidence 
among  the  specimens,  even  among  the  older  batches  of  units 
wherein  little  attention  was  evidently  given  to  this  subject. 
Some  fiU  assembled  units  of  various  makes  have  been  subjected 
to  temijcratures  ranging  from  110  deg,  to  l.")0  deg,  cent,^much 
higher  tcmi)eratures  than  are  ever  encountered  in  service. 
Among  these  units  were  30  selected  as  being  most  likely  to  crack 
owing  to  bad  design  wherein  no  provision  was  made  at  the  base 
of  the  caj)  next  to  the  disk  for  expansion  of  the  cap.  Out  of  the 
(iO,  only  ."i  units  have  faik-d  by  cracking;  namely,  Nos,  B  L  94. 
ro,  anri  C  7li,—  all  of  old  design. 

Inasmucli  as  the  real  factors  ivhicii  contribute  to  the  weakness 
of  many  |nircclain  insulators  arc  now  much  better  appreciated, 
it  is  fell  that  some  jirogress  has  been  made  toward  acliicving  the 
broad  purpose  of  the  investigation ;  namely,  to  develop  ready, 
sure  ami  simi>lc  mclhods  by  which  to  delect  tlic  weak  insulator. 
It  is  at  the  same  time  realized  that  a  great  amount  of  work  re- 
mains lo  be  dune,  and  it  is  lin|)cd  that  many  others  will  devote 
themselves  to  this  jiroblcm  which  it  seems  so  necessary  to  solve 
if  confidence  is  lo  aUend  Uic  ci^iuinued  use  of  the  porcelain  high- 
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INVESTIGATION  OF  SUSPENSION  INSULATOR 

DETERIORATION 


BY   J.    E.    WOODBRIDGE 


Abstract  of  Paper 

This  paper  gives  an  outline  of  the  investigation  of  suspension 
insulator  deterioration  undertaken  by  Professor  H.  J.  Ryan  and 
Assistant  Professor  J.  C.  Clark,  and  explained  farther  in  their 
papers.  It  cites  the  origin  of  the  investigation,  the  limiting  fac- 
tors encountered  and  methods  employed  to  overcome  such  handi- 
caps. 

The  results  of  this  investigation  are  admitted  as  disappointing 
and  inconclusive  on  the  causes  of  deterioration,  although  several 
causes  previousl}'  considered  probable  have  been  eliminated. 


'T'HE  TROUBLES  experienced  by  operators  of  high-voltage 
^  transmission  lines,  due  to  deterioration  with  age  of  the 
dielectric  strength  of  cemented  porcelain  suspension  insulators, 
combined  with  the  inability  of  ceramists  and  engineers  to  agree 
upon  a  satisfactory  explanation  of  such  deterioration,  have 
induced  the  power  companies  of  California  to  join  forces  in  a 
scientific  investigation  of  this  deterioration.  The  results  of  this 
study,  in  so  far  as  results  have  been  obtained  to  date,  are  present- 
ed in  full  in  the  accompanying  papers  by  Professor  Harris  J. 
Ryan  and  Assistant  Professor  J.  C.  Clark.  The  companies 
interested  in  this  investigation  to  the  extent  of  contributing  to 
the  expense  of  same  are;  the  Pacific  Gas  and  Electric  Company, 
Pacific  Light  and  Power  Corporation,  Sierra  and  San  Francisco 
Power  Company,  San  Joaquin  Light  and  Power  Corporation, 
and  the  Southern  California  Edison  Company. 

The  investigation  began  as  the  outcome  of  discussions  on  the 
subject  between  Mr.  J.  P.  JoUjnnan,  of  the  Pacific  Gas  and 
Electric  Company,  Mr.  H.  A.  Barre,  of  the  Pacific  Light  and 
Power  Corporation,  and  the  writer,  representing  the  Sierra  & 
San  Francisco  Power  Company.  These  discussions  resulted  in  a 
conviction  that  megohm  values  of  infinity  determined  by  the 
commercial  megger,  that  is,  anything  above  2000  or  5000 
megohms,  covered  a  wide  range  of  porcelain  values,  an  investiga- 
tion of  which  might  develop  insulation  resistances  characteristic 
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of  durable  vxrsus  non-tiurable  porcelain.  It  was  even  thouKht 
ihal  if  dctmoration  is  duo  lo  [x>rosity.  and  if  suitable  apparatus 
cxiuM  be  d*\-ek>pcd  ior  moasuring  much  higher  insulation  resist- 
tncc^.  «  chAractcristic  resistance  might  be  found  for  porous  porce- 
lain r\-«i  when  dr>--  It  is  obvious  that  if  these  hypotheses  had 
r>ro»"ed  ccrrcct-  it  wimld  be  possible  for  insulator  makers  to 
mi'Afiin'  such  i-Hinwity  by  electrical  means  in  new  porcelain,  and 
.Vif!WinP  in  ndvancc  what  insulators  would  deteriorate,  which 
»-,-4iM  iTi  tiini  allow  them  to  determine  what  method  of  manti- 
•i».i«rv  n^HiId  produce  the  most  durable  product  in  this  respect. 

It  ««s  *Iw>  ll"-'  i'''^*'  "^  these  engineers  that  insulation  re- 
*.xi*n»v  oicMSUri'mentS  made  under  dielectric  stresses  more  nearly 
.vnVi\v\inwti"i;  those  of  commercial  service  than  the  1000  volts 
.M  (hi'  ^^^^n1ncrcial  megger  might  be  of  correspondingly  greater 
\'Vitc  The  inherent  difficulties  of  such  measurements  with 
n1«-ti)AliiiK  voltages,  due  lo  the  extremely  low  power  factor  of 
niMllrtliT  leilkBgc,  at  once  suggested  the  use  of  the  kenotroii  for 
tlv  Mi|i|>ly  of  continuous  current  at  the  voltages  desired. 

A  |irtin'r  presented  by  Professor  Ryan  before  the  San  Fran- 
,^>c^^l  Section  of  the  Institute  on  March  31.  1916,  described  such 
iu.;i-ui'i-ments  made  at  Stanford  University  under  a  pressure  of 
jiMKI  volts  d-c.  derived  from  a  kenotron  with  a  sensitive 
.;.-il\iiiiometer,  the  combination  giving  a  range  up  to  800,000 
iiii-(;nhiiis  distinguishable  from  infinity.  This  equipment  as 
ilirn  developed  by  Professor  Ryan  obviously  extended  the  range 
I'l  nieggering  to  values  160  times  greater  than  those  of  the  com- 
mercial megger.  A  further  extension  of  this  line  of  investigation 
WHS  then  proposed  to  Professor  Ryan  with  the  request  that  he 
III. lain  the  consent  of  the  University  authorities  for  the  use  of 
I  he  high-tension  laboratory  and  its  equipment  for  this  study 
liuring  the  191(i  summer  vacation.  Professor  Ryan  obtained 
I  his  privilege  and  agreed  to  serve  as  a  meml>er  of  the  committee 
liii\ing  charge  of  the  work,  to  which  service  he  devoted  the 
greater  [Hirtton  of  his  time  during  the  vacation  period.  The 
necessary  fuiuls  were  contributed  by  the  above  mentioned 
companies  and  the  work  was  started  under  the  direction  of 
Professor  Ryan,  the  above  mentioned  engineers,  and  Assistant 
Professor  J.  C.  Clark,  who  was  emijloyed  actively  on  the  work 
with  assistants  throughout  the  summer.  Insulators  were  con- 
tributed by  the  various  power  com|)anies  above  mentioned  and 
by  the  Great  Western  Power  Company,  also  by  several  manu- 
facturers, usually  in  lots  of  100,  these  insulators  being  of  all  the 
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well  known  makes,  and,  in  so  far  as  possible,  of  various  ages, 
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l.»i«hiif'  nf  iliL-  specimens  tested,  the  rate  of  change  may  be 
oUiiril  ix^  a  loss  of  99  per  cent  of  the  resistance  with  a  rise  of  45 
Av.^'    I  ihf    from  ordinary  temperatures. 

I  liih  jiartial  porosity  has  so  far  been  found  extremely  difficult 
i,\  <l<:it  riion.  We  hav^e  found  it  impossible  to  de\'ise  any  means 
ol   irjafttrially  hastening  the  absorption  of  moistiu'e  above  the 
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TEMPERATURE  DISTRIBUTIONS  IN  ELECTRICAL 

MACHINERY 


BY    B.    G.    LAM  ME 

Abstract  of  Paper 

The  paper  deals  with  certain  fundamental  principles  govern- 
ing heat  distribution  and  temperature  in  electrical  apparatus. 
The  general  problems  of  heat. generation,  heat  flow  and  heat  dis- 
sipation, upon  which  the  resultant  temperatures  depend,  arc  dis- 
cussed at  some  length.  The  various  paths  of  heat  flow  and  the 
effects  of  the  heat  resistance  of  such  paths  are  discussed.  The 
effects  of  rapid  heat  flow  on  the  equalization  of  the  temperatures, 
and  on  their  measurement,  are  considered  briefly.  Some  of  the 
fallacies  in  temperature  guarantees  and  in  temperature  indica- 
tions are  pointed  out.  Some  of  the  more  common  errors  in  the 
methods  of  measurement  are  described.  In  conclusion  it  is  stated 
that  no  hard  ano^fast  rules  can  be  made  to  cover  the  facts,  e.xcept 
in  a  very  general  way,  and  that  commercial  temperature  measure- 
ments should  be  considered  as  appro.ximate.  this  being  permis- 
sible because  there  is  no  sharply  defined  line  between  good  and 
bad. 

'  I  'HE  LAWvS  governing  heat  flow  and  tcm])crature  distribution 
•^  are  so  similar,  in  many  respects,  to  those  go\'erning  electric 
ctirrent  flow  and  electric  potentials,  that  it  is  rather  suri)rising 
that  the  former  have  received  so  little  attention  in  com])arison 
with  the  latter.  Some  of  the  laws  of  heat  flow  are  so  well  recog- 
nized that  their  a])])lication  to  the  ])rol)lem  of  tem])eratiire  dis- 
tribution in  electric  ai)])aratus  should  have  l)ecn  a  leading  feature 
in  the  early  developments  in  such  aj)])aratus;  whereas,  on  the 
contrary,  it  is  only  recently  that  \'er\'  careful  study  has  been 
made  of  such  apjilication. 

One  ol)iect  of  this  pa|)er  is  to  indicate,  in  a  comparati\'cly 
simj)le  manner,  some  of  tlie  conditions  which  fix  the  tem])cra- 
ttires  in  diilcrent  j^arts  of  electric  a])])arattis.  Before  going  into 
the  general  i)r()blem,  certain  simi)le  conditions  may  be  stated, 
stich  as: 

1.  The  heat  flow  between  two  ])oints  is  pro])orti()nal  to  their 
tem])erattire  difl'erencc  and  to  the  heat  resistance  of  the  i)ath  or 
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Lam  [Kiinih  at  the  same  temperature,  there  should  be  no  flow  of 

raat 

2  '\  he  total  temperature  drop  between  any  two  points  or 
Miiiliri  of  rJifTerent  temperatures  ^411  be  the  same  through  all 
\ni\\\-.  of  heat  flow. 

.'{  There  are  no  true  non-conductors  of  heat.  and.  conversely, 
no  \,<:Ti(tfl  conductors. 

\  Heat  conduction  and  electric  conduction  bear  some  quan- 
MTar.ive  relation  to  each  other,  in  the  broad  sense  that  all  electric 
insulators  are  relatively  poor  heat  conductors,  while  good  electric 
rondurtors  are  correspondingly  good  heat  conductors.  There 
IS  apparently  no  rigid  relation  between  the  heat  resistance  and 
electric  resistance  of  the  various  materials  used  in  electric  ma- 
chinery, hut  the  general  relation  holds  and  there  are  apparently 
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and  the  temperature,  is  a  very  complex  one.  Such  a  determina- 
tion is  in  the  province  of  the  expert  analytical  designer  of  such 
apparatus,  but  certain  general  conditions  are  of  interest  to  all 
users  of  electric  apparatus. 

Consider  first  the  general  conditions  of  heat  dissipation  from 
an  armature  coil.  In  Fig.  I  is  represented  an  armature  slot  with 
the  surrounding  iron,  and  with  two  separate  "coils"  per  slot,  as 
is  now  the  most  common  practise.  Let  it  be  assumed  that  the 
point  a  represents  the  "hot  spot",  or  part  at  highest  temperature 
in  the  apparatus.  The  heat  from  this  part  can  flow  along  two 
general  paths,  namely,  longitudinally  through  the  copper  con- 
ductor itself  to  the  end  windings,  and  thence  to  the  air,  and 


laterally  through  the  insulation  to  the  surrounding  iron,  or  to 
the  ventilating  ducts.  From  the  iron  the  heat  flow  is  then 
through  various  paths  to  the  external  cooling  air. 

Longitudinal  Heat  Flow 
Considering  first  the  longitudinal  conduction  of  heat  in  the 
coil,  then  starting  at  the  point  a,  the  first  unit  of  length  con- 
ductor will  have  a  certain  loss.  If  the  heat  generated  by  this 
first  unit  loss  were  all  that  need  be  considered,  then  the  drop  in 
temperature,  from  the  point  a  to  the  end  windings,  would  be 
simply  a  function  of  the  heat-conducting  properties  of  the  con- 
ductor itself.     But  the  next  unit  length  is  also  generating  its 
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own  unit  loss,  so  that  the  heat  flow  from  the  second  to  the  third 
unit  IcnEth  is  due  to  two  units  loss;  in  the  same  way,  the  flow- 
to  the  fourth  unit  length  will  be  due  to  three  units  loss,  etc. 
Therefore,  the  temperature  drop,  or  temperature  difference  per 
unit  length  of  conductor,  increases  more  rapidly  as  the  point  a 
is  dcjjarted  from,  and  if  it  is  at  a  considerable  distance  from 
the  end  winding,  and  the  losses  per  unit  length  are  compara- 
tively high,  S.  very  high  temperature  may  be  required  at  a  to 
conduct  all  the  heat  longitudinally  to  the  end  windings.  In 
very  wide  core  machines  the  longitudinal  drop  may  be  so  great 
that  the  temperature  at  a  in  practise  will  be  so  far  above  that 
of  the  surrounding  iron,  that  a  verj-  large  percentage  of  the 
actual  heat  is  conducted  laterally  through  the  insulation  to  the 
iron,  even  if  the  iron  is  at  a  comparatively  high  temperature. 
However,  in  narrow  cores,  the  drop  to  the  end  windings  may 
be,  in  some  cases,  so  very  low,  possibly  5  to  10  degrees,  that 
with  good  heat  dissipation  from  the  end  windings  themselves, 
the  point  a  may  have,  for  instance,  an  actual  temperature  of 
40  deg.  cent.  If  the  iron  next  to  a  a'so  has  a  temperature  of  40  deg. 
ct;nt .  then  there  would  be  no  flow  uf  heat  from  a  to  the  iron.  Fur- 
thernirire,  insiichacase,  as  lheiri)n  temperature  over  the  whole 
width  of  the  core  may  be  fairly  uniform,  and  as  the  copper 
tem])er.'iturc  decreases  from  a  to  the  end  windings,  obviously 
as  we  dc])art  from  the  i>oint  a,  there  would  be  heat  flow  from 
the  iron  to  the  copper,  and  thus  the  windings  would  tend  to 
cool  the  core.  This  is  frequently  the  case  with  light  loads  on 
a  machine,  for  in  such  conditions  the  coil  loss  is  low,  while  the 
iron  loss  remains  fairly  constant  for  all  loads.  In  such  case 
there  may  be  heat  flow  from  the  iron  to  the  copper  along  the 
whole  length  of  the  buried  jjortion  of  the  coil.  At  some  higher 
l<tad,  the  copper  loss  varying  as  the  square  of  the  load,  the  in- 
creased longitudinal  droi>  will  bring  the  copper  tenijierature 
above  lluit  of  the  iron  so  that  the  heat  flow  is  from  copper  to 
iron.    This  cnndition  is  ilhistraled  by  Fig.  2. 

It  nuisl  be  recognized  that  the  lateral  flow  of  heat,  from  the 
coil  tn  the  iron,  reduces  the  longitudinal  drop,  such  reduction 
dcjicnding  upon  the  relative  |)ercentages  of  heat  flow  along  the 
two  ]iaths.  It  must  also  be  borne  in  mind  that  in  order  to  have 
sueli  longitudinal  heat  i!ow,  the  end  windings  must  be  able  to 
dissipate  their  own  heat  at  lower  tcmiierature  than  would  be 
attained  at  a.  or  in  the  core.  If  the  end  windings  have  little  or 
no   ventilation,   or  heat   dissipating  capacity,   then  their  own 
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generated  heat  may  bring  their  temperatures  higher  than  those 
of  the  armature  iron  so  that  the  heat  flow  actually  may  be  from 
the  end  windings  toward  a,  and  then  laterally  through  the  in- 
sulation to  the  core.  In  such  case,  the  hottest  spot  will  be  in 
the  end  winding  rather  than  in  the  buried  part  of  the  coil.  Obvi- 
ously when  such  condition  occurs  there  is  no  ])ossibility  of  cither 
the  end  windings  or  the  buried  i)art  of  the  coil  being  cooler  than 
the  iron,  for  the  heat  flow  throughout  is  toward  the  iron. 

Lateral  Heat  Flow 
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It^iijivriitun'  i>(  Ihc  <iir  and  not  of  the  copper.  Any  temperature 
i]itM>>urDitii-TU  made  f>enealh  the  supporting  wedge  will  measure 
w.iiif  iiiHTmciIiatc  temperature  between  the  copper  and  the  air. 
If  llii-  Innpi-ralure  drop  through  the  wedge  should  be  equal  to 
lliuL  lliniutih  the  insulation,  then  a  measurement  underneath 
tlic  wi-iIkc  sh'/uld  show  half  the  temperature  drop  through  in- 
liiiliition  and  wedge,  and  ob\-iously.  the  measured  temperature 
Wdiilfl  lio  far  below  that  of  the  copper. 

(|jf  If  the  temijerature  is  measured  ai  the  outside  of  the  coil, 
btlween  the  iron  and  the  insulation,  it  would  appro.tJmate  the 
average  of  the  temperatures  of  the  iron  and  of  the  outside 
insulation,  or  practically  the  temperature  of  the  iron.  If  the 
iron  should  f>e  at  different  temperatures  at  the  sides  of  the  slot 
and  at  the  Ixtttom,  then  obviouslv  different  readings  would  be 
obtained,  depending  upon  ihe  location  of  the  measuring  device. 
It  is  evident  that  such  temperature  measurements  give  no  in- 
dication whatever  as  to  the  true  internal  temperatures  of  the 
coil,  for  the  heat  flow  and  the  resistance  of  the  insulation  are 
nowise  involved  in  the  measurement. 

(c)  At  a  fjoint  a,  between  the  two  coils,  there  should  be  but 
little  heat  flow  through  ihe  insulation,  utiles'^  the  rojiper  is 
comparatively  narrow.  If  there  is  but  little  heat  flow  through 
the  insulation  at  this  point,  then  eventually  the  temperature  at 
the  [joint  a  must  rise  to  approximately  that  of  the  copper  in  the 
two  coils.  Therefore,  a  measuring  device  located  at  a  will 
approximate  the  temperature  of  the  copper  itself,  and  is,  in 
general,  a  g(xjd  indication  of  the  hot  spot  at  that  part  of  the 
winding.  Therefore,  as  a  practical  method  of  temperature 
determination,  a  thermo-couple  located  at  a  is  about  the  most 
satisfactory  -levice  that  wc  have.  However,  the  location  of  the 
point  a  along  the  slot  is  also  of  importance  on  account  of  the 
longitudinal  flow  of  heat  in  the  conductor  and  the  consequent 
temperature  drop.  In  other  words,  the  direction  of  heat  flow 
in  the  toil  itself,  must  he  taken  into  account.  Therefore,  a 
thermo-couple  located  as  above.  !■;  only  satisfactory  when  the 
general  location  of  the  hot  sjiot  is  known  beforehand.  This  is 
usually  dotonnined,  in  a  general  way.  for  a  given  type  or  Une 
of  machines,  by  locating  several  thermo-couples  along  the  slots. 

With  narrow  slots  and  comparatively  thin  conductors,  and 
especially  with  very  heavy  insulation,  there  is  some  flow  of  heat 
through  the  insulation  which  lies  between  the  two  coils,  this 
heat  passing  out  sidewise  to  the  iron.    In  swch  case,  the  point  o 
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may  be  of  somewhat  lower  temperature  than  the  copper.  It 
may  happen  also,  in  some  cases,  that,  due  to  unequal  losses  and 
heating  of  the  two  coils  in  the  same  slot,  one  is  at  a  higher  tem- 
perature than  the  other.  In  such  case,  due  to  the  heat  flow 
between  the  coils,  the  temperature  indication  at  a  will  not  show 
better  than  an  average  of  the  two  temperatures.  Furthermore, 
if  the  temperature  at  c,  in  a  coil  subdivided  into  many  insulated 
conductors,  is  materially  higher  than  at  6,  then  the  temperature 
indication  at  a  may  not  be  a  close  approximation  to  the  maximum 

temperature. 

Flow  Through  Iron  Parts 

In  the  ordinary  armature,  after  the  heat  passes  from  the 
copper  to  the  iron,  there  is  still  quite  a  problem  involved  in  the 
dissipation  to  the  surrounding  medium,  which  is  usually  the  air. 
The  direction  of  the  heat  flow  to  the  iron  will  depend,  to  a  con- 
siderable extent,  upon  the  arrangement  and  location  of  the  heat 
dissipating  surfaces.  There  are  two  general  paths  of  heat  con- 
duction in  all  armature  cores;  namely,  a  flow  along  the  lamina- 
tions to  where  their  edges  come  in  contact  with  the  air  or  with 
other  material,  and  a  flow  across  the  laminations  toward  heat 
dissipating  surfaces.  The  flow  along  the  laminations  may  be 
calculated  with  fair  accuracy.  Across  them  it  is  difficult  to 
determine  such  flow,  largely  because  the  laminations  are  in- 
sulated from  each  other  by  materials  which  are  poor  conductors 
©f  heat.  Also  such  flow  is  affected  not  only  by  the  insulation 
between  laminations,  but  by  the  perfection  of  contact.  In  other 
words,  the  heat  flow  may  be  affected  by  pressure.  According 
to  the  various  figures  available,  the  heat  flow  per  unit  volume 
of  material  along  the  laminations  is  from  ten  to  one  hundred 
times  as  great,  for  a  given  temperature  difference,  as  across 
them.  Obviously,  therefore,  heat  dissipation  from  the  iron  by 
flow  across  the  laminations  should  be  considered  relatively  in- 
efficient, yet  in  the  vast  majority  of  rotating  machines  the  heat 
dissipation  is  largely  across  the  laminations.  The  reason  for 
this  is  that  by  placing  ventilating  passages  or  ducts,  parallel  with 
the  laminations,  at  frequent  intervals  in  the  core,  the  cross 
section  of  the  heat  path  in  the  intervening  iron  sections,  may 
be  made  very  large  compared  with  the  heat  to  be  dissipated, 
so  that  the  density  of  flow  is  very  low.  By  the  same  procedure 
the  length  of  the  heat  path  is  made  quite  short.  Thus  in  practise, 
the  temperature  drop  through  the  laminations  themselves  may 
be  made  relatively  small  compared  with  other  drops.    However^ 
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not  all  the  heat  in  the  iron  passes  across  the  laminations  to  the 
ventilating  ducts,  for  where  the  length  of  the  path,  along  the 
laminations  to  any  heat  dissipating  surface,  is  not  large,  a  very 
considerable  amount  of  the  heat  may  be  dissipated  from  the 
edges  of  the  laminations  themselves.  In  fact,  in  certain  types 
of  machines  with  very  shallow  iron  cores,  experience  has  shown 
that  the  ventilating  ducts,  parallel  with  the  laminations,  may  be 
omitted,  provided  good  ventilation  is  obtained  over  the  edges 
of  the  laminations.  It  is  evident,  therefore,  that  the  flow  of  heat 
and  distribution  of  temperature  are  dependent  upon  the  arrange- 
ment of  the  iron,  dimensions  and  locati(m  of  the  ventilating 
surfaces  etc. 

Heat  Flow  to  the  Air 

After  the  heat  has  passed  from  the  copper  to  the  iron,  the 
resultant  of  the  copper  and  iron  heats  must  be  conducted  to  the 
cooling  medium,  which  is  usually  the  surrounding  air.  In  the 
case  of  air,  there  is  usually  a  considerable  drop  in  temperature 
from  the  solid  surface  to  the  cooling  air  itself,  the  amount  of 
such  drop  depending  upon  the  ventilating  conditions.  In  prac- 
tise, there  appears  to  be  a  film  or  layer  of  air  which  adheres  very 
closely  to  the  solid  surfaces.  This  forms  a  sort  of  heat  insulating 
film,  retarding  the  flow  of  heat  to  the  cooling  air.  In  air  ven- 
tilation, the  effect  of  any  considerable  air  movement  over  the 
surface  appears  to  be  that  of  scouring  this  hot  film  away  from 
the  surface  and  replacing  it  with  a  film  of  cooler  air.  Merely 
scouring  or  rubbing  the  hot  film  away  from  the  surface  is  not 
particularly  advantageous  unless  some  means  is  furnished  at 
the  same  time  for  supplying  an  ample  quantity  of  cooler  air  to 
take  the  place  of  the  removed  hot  film.  Rapid  air  circulation, 
by  means  of  a  supply  of  air  from  the  outside,  appears  to  accom- 
plish both  results  in  one  operation.  Thus,  one  of  the  principal 
actions  of  air  ventilation  appears  to  be  that  of  scouring  away  the 
hot  contact  film,  while  a  second  action  is  to  carry  the  hot  air 
away  without  mixing  it  with  the  incoming  cooler  air.  Whatever 
portion  of  the  dissipated  heat  is  absorbed  by  the  incoming  cool- 
ing air  adds  that  much  to  the  temperature  of  the  air  itself  and 
eventually  to  that  of  the  apparatus  to  be  cooled.  Thus  mixing 
the  outgoing  with  the  incoming  air  makes  a  sort  of  Siemens' 
regenerative  furnace  and  the  machine  becomes  cumulatively 
hotter  and  hotter  until  the  dissipation  through  other  paths  be- 
comes equal  to  the  heat  generated.    In  such  cases  the  ventilation 
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of  the  machine  may  only  be  useful  in  equalizing  or  redistributing 
the  temperatures  in  the  various  parts. 

From  the  preceding  analysis,  it  would  appear  that  the  tempera- 
ture at  the  hottest  part  of  the  coil  is  fixed  principally  by  the  heat 
flow  through  the  copper,  and  its  surrounding  insulation,  directly 
to  the  air,  and  by  the  flow  from  the  copper  to  the  iron,  and  from 
the  iron  to  any  exposed  air  surfaces,  and  then  to  the  air.  Along 
the  first  path,  there  are  three  principal  temperature  drops; 
namely,  in  the  copper  itself,  then  through  the  insulation,  and 
then  from  the  outside  surface  of  the  insulation  to  the  air.  Along 
the  second  path,  there  are  also  three  temperature  drops;  namely, 
from  the  copper  through  the  insulation  to  the  iron,  then  from 
the  iron  to  the  exposed  air  surfaces,  and  then  from  the  surfaces 
to  the  air.  Along  the  first  path  each  part  of  the  copper  path  is 
generating  its  own  heat,  to  be  conducted  away,  in  addition  to 
that  which  is  to  be  conducted  from  other  parts  of  the  path.  In 
the  second  path,  each  part  of  the  iron  path  may  be  generating 
its  own  heat,  which  adds  to  that  coming  from  other  parts. 
The  relative  amount  of  heat  conducted  along  each  path  is  de- 
pendent upon  so  many  conditions,  which  vary  with  the  load, 
that  no  one  but  an  analjrtical  designer  backed  by  experience 
could  even  approximate  the  values  by  calculation.  However, 
it  should  be  obvious  that  any  measuring  device  applied  to  the 
outside  or  cooling  surface  does  not,  and  cannot,  directly  approxi- 
mate the  temperature  of  the  hottest  part,  except  in  those  rare 
cases  where  the  hottest  part  is  dissipating  heat  directly  to  the 
air.  This  is  true  only  in  very  special  cases  such  as  series  coils 
of  bare  strap,  etc.  In  any  coil  or  part  of  the  apparatus  which  is 
heavily  insulated,  that  is,  which  is  covered  by  poor  heat  conduct- 
ing materials,  an  external  temperature  measurement  is  an  ex- 
tremely poor  indication  of  the  true  internal  temperature,  unless 
many  other  conditions  are  known  which  may  give  an  indication 
of  the  internal  temperature  drops.  In  different  types  and  con- 
structions of  rotating  apparatus,  hot  spots  may  hold  quite 
diflPercnt  relative  positions  with  respect  to  the  cores  and  wind- 
ings, so  that  no  reasonable  rule  can  be  made  to  cover  all  cases. 
Moreover,  in  some  classes  of  apparatus,  it  is  not  practicable  to 
make  any  temperature  measurements  until  after  the  apparatus 
is  shut  down,  and  this  introduces  other  very  important  errors 
which  should  be  considered,  such  as  cooling  effects  as  a  whole, 
during  the  period  of  shut-down,  equalization  of  temperature 
dne  to  internal  conduction,  etc. 
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Equalization  op   Temperature,  etc. 
/  When  there  are  hot  spots,  or  zones,  or  areas,  of  different  tem- 
peratures, in  an  armature  winding,  for  instance,  such  difference 

I  teni]>erature  is  maintained  by  the  cominual  generation  of 
neat  in  the  various  parts.  But  the  moment  that  such  generation 
/of  heat  is  stopped  there  is  immediately  a  tendency  for  cqualiza- 
/tion  of  tem[«;ratures  by  flow  of  the  stored  heal  from  the  hotter 
/  parts  to  the  cooler.  In  good  heat  conducting  materials,  as  copper, 
/  such  equalization  may  be  very  rapid,  so  that  a  temperature 
indicating  instrument  of  a  sluggish  type  may  not  indicate  any- 
thing like  the  tme  maximum  temperature  of  the  spot  where  it 
is  placed,  if  applied  after  the  load  is  removed,  especially  if  the 
rate  of  heating  of  the  thermometer  bulb  is  much  less  than  the 
rate  of  heat  transfer  from  one  part  of  the  winding  to  another. 
If  located  on  a  hot  ^^o^,  the  reading  may  rise  to  some  interme- 
diate value  and  then  drop  off  as  the  hot  spot  coots  by  heat  con- 
duction to  other  parts.  If  located  upon  a  cool  spot,  it  may  rise 
slowly  for  a  considerable  period,  due  partly  to  sluggishness  of 
the  thermometer  and  partly  to  the  cool  spot  rising  in  temperature 
by  conduction  of  heat  from  some  other  part.  The  conditions 
are  so  varii;d  that  no  reliable  conclusions  can  be  drawn,  from  the 
action  of  the  thermometer  alone,  in  regard  to  the  coolest  or 
hottest  spot. 

A  second  condition  which  tends  to  make  such  temperature 
measurements  fallacious,  lies  in  the  cooling  action  in  the  interx'al 
between  load  removal  and  shut-down  to  take  temperature 
measurements.  In  apparatus  which  depends  upon  a  high  degree 
of  artificial  cooling,  such  cooling  effect  may  be  very  considerable. 
This  is  particularlv  true  of  high-s])eed  machines  which  require 
considerable  time  to  come  to  a  standstill.  It  is,  therefore,  de- 
sirable in  such  machines  to  obtain  all  possible  temperature  read- 
iTi^;s  iit  normal  spi.'e<l  and  with  load.  In  rotating  field  machines, 
lliis  i-.  Id  ii  certjnn  extent,  jiracticable,  but  in  most  rotating 
iiniialiiR'  in.u'hinos,  the  armature  temperatures  usually  are  not 
atiaiii^ililf  until  llic  machine  is  brought  to  a  standstill,  and  even 
then  some  crn.r  may  result  from  sluggishness  or  delay  in  taking 
the  rcadi!]t;s.  Ouc  riiethod  which  has  been  ])ro]K>5ed  at  limes, 
for  Icssciiin;;  the  sluggishness,  is  to  heal  the  thennometers  up  to 
i>r:icncall\-  the  imrmal  D|)eraling  temperature  of  the  part  to  be 
'  ■'-■  'he  machine  is  still  carrving  load.  At  the  moment 
meter  is  ap|)lied.     This,  lo  a 


\ 
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mometer  itself,  but  is  only  a  partial  compensation.  It  must  be 
considered  that  the  outside  of  the  insulation  is  at  lower  tempera- 
ture than  the  inside,  and  that,  therefore,  the  body  of  the  insula- 
tion itself  must  have  its  temperature  increased  by  flow  of  heat 
from  other  parts. 

Fallacies  in  Temperature  Guarantees  and  Measurements 

In  the  older  methods  of  detenninin<^  tcmi^eratures,  it  was 
assumed  that  the  thermometer  readings,  obtained  on  a  winding, 
for  instance,  were  a  true  indication  of  the  temperature  of  the 
winding  as  a  whole.  The  manufacturers  of  electrical  ai)paratus 
long  ago  recognized  the  fallacy  of  this  method,  as  they  had  found 
from  bitter  experience  that  there  were  liable  to  be  hotter  parts 
in  the  machine  than  any  thermometer  readings  would  indicate. 
They,  therefore,  designed  machines  with  regard  to  the  possible 
hot-spot  temperatures  as  encountered  in  service,  rather  than 
any  temperature  which  the  exj^osed  parts  of  the  machine  would 
show.  Thus  in  designing  a  certain  machine  for  safety  at  the 
hottest  part,  not  infrequently  the  exposed  parts  of  the  winding 
would  show,  by  thermometer,  comparatively  low  temperatures, 
such  as  25  deg.  to  35  deg.  cent.  rise.  Therefore,  as  the  observable 
temjoerature  readings  came  so  low  it  became  the  fashion  to  call 
for  35  deg.  cent,  guarantees  and,  in  many  cases,  the  operating 
public  lost  sight  of,  or  perhaps  never  knew,  the  real  meaning  of 
such  low  temperatures.  Among  the  designers  of  electrical 
machinery,  it  was  recognized  that  a  temperature  rise  of  35  deg. 
cent,  in  itself  was  absurdly  low,  but  that  the  ol)icct  in  operating 
at  such  low  temperature  on  a  part  which  could  be  measured  was 
simi)ly  to  j^rotect  the  machine  in  some  inaccessi])]e  hotter  part, 
where  the  tem])erature  could  not  be  measured.  From  the  present 
viewpoint,  it  is  astonishing  what  reliance  has  l)een  ])laced  upon 
temperature  readings  in  the  jjast.      For  example,  if  a  40  deg. 
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iltirulnlity  of  llie  insulating  maierial  used.  The  wliole  problem 
iti  a  );oadcIcal  Hkethalof  a  determination  of  t  lie  voltage  gentraied 
in  a  ;;iven  power-house,  by  measurini;  the  voltat;e  at  the  end  of 
a  transmission- line.  If  we  know  all  the  constants  of  the  line, 
and  know  the  current  flowing,  etc..  we  can  figure  back  to  the 
g&nerated  voltage.  Otherwise  the  voltaue  ai  the  end  of  the  line 
means  but  little.  However,  we  know  that  if  the  system  is  de- 
signed with  reasonable  regard  to  economy  in  general,  there  may 
bfc  from  ten  to  twent\'  |>er  cent  \'oltage  drop  from  power-house 
to  the  end  of  the  line.  Tlierefore,  by  adding  an  approximate 
correcting  factor  to  this  \'oltage,  we  can  make  a  reasonable 
e&timate  of  the  generated  voltage.  In  the  same  way  in  electrical 
apparatus  of  certain  tyves,  a  reasonable  internal  temperature 
drop  may  be  approximated,  which  added  lo  the  obscrxable  tem- 
perature, gives  a  fair  approximation  to  the  hottest  part,  but 
the  result  is  an  approximation  ami  must  be  recognized  as  such. 
Primarily,  the  manufacturer  must  make  a  safe  machine  for  a 
specified  service  regardless  of  the  temperature  guarantees,  and 
the  temperature  measurements  made  on  most  classes  of  apparatus 
should  be  considered  simply  as  rough  approximations  to  indicate 
that  the  manufacturer  has  made  a  reasonable  attempt  at  a  safe 
machine.  This  may  seem  a  rather  bald  statement,  but  never- 
theless it  is  a  fair  statement  of  the  case. 

Errors  in  Te.\iperature  Measurement 
It  has  been  shown  in  the  preceding  that  the  usual  obser\'ab1e 
temperatures  are  in  most  cases  only  crude  approximations  to 
the  real  temperature  conditions.  It  may  now  be  shown  that 
even  the  obsenable  temperatures,  obtained  by  the  usual  means, 
are  in  themselves  only  crude  approximations,  in  many  cases. 
Take,  for  instance,  the  determination  of  temperature  by  in- 
crease in  resistance;  when  the  coil  is  heated  its  temperature  may 
not  be.  and  very  frequently  is  not.  uniform  throughout  the  coil. 
As  an  extreme  examyjle,  if  one-fifth  of  the  coil  length  has  a  tem- 
|)erature  of  80  deg.  cent.,  while  four-fifths  of  it  has  a  rise  of 
30  deg.  cent,  then  the  increase  in  resistance  of  the  coil  as  a  whole 
will  correspond  to  a  rise  of  40  deg.  cent.  Thus,  by  increase  of 
resistance,  the  temperature  may  be  more  than  safe,  while 
actually  one-fifth  of  the  coil  is  far  above  the  safe  temperature 
for  ordinary  fibrous  insulations.  In  other  words,  the  resistance 
method  gives  only  average  results  and  may  be  very  misleading. 
However,  in  those  cases  where  it  is  known,  by  past  experience 
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and  otherwise,  that  there  is  very  little  liability  of  hot-spots,  the 
resistance  method  of  determining  temperature  is  often  quite 
satisfactory.  However,  the  method  is  limited  to  comparatively 
few  types  of  windings. 

Considering  next  the  thermometer  method  of  measurement, 
the  theory  of  this  is  quite  simple,  but  apparently  it  has  been  very 
much  misunderstood.  In  windings,  except  in  rare  cases,  the  . 
thermometer  is  not  applied  directly  to  the  heat  generating 
material  itself,  but  is  applied  outside  of  an  insulating  covering. 
Usually  the  temperature  drop  through  this  insulating  covering 
does  not  receive  any  consideration,  and  yet  everything  depends 
upon  this.  Assume,  for  example,  an  insulated  coil,  thermometer 
and  covering  pad,  as  shown  in  Fig.  4.  Assuming  the  copper 
inside  the  coil  as  being  of  uniform  temperature,  and  the  cooling 
air  at  a  and  b  as  also  at  a  uniform,  but  much  lower,  temperature 
than  inside  the  coil;  then  the  temperature  drop  from  the  copper 
to  b'  will  be  the  same  as  through  the  insulation,  thermometer 


Fig.  4 

bulb  and  covering  pad  to  the  air  at  a.  Obviously  if  the  tempera- 
ture drops  through  the  insulation  and  through  the  pad  are  equal, 
then  the  thermometer  bulb  will  show  a  midway  temperature. 
This  is,  of  course,  assuming  that  the  surface  drop  to  the  air, 
previously  referred  to,  is  very  small,  or  that  it  is  included  as  part 
of  the  drop  through  the  pad.  Obviously,  if  the  drop  through  the 
covering  pad  is  made  very  much  higher  than  that  through  the 
insulation  proper,  then  the  thermometer  bulb  more  closely 
approaches  the  copper  temperature.  Thus  it  is  seen  that  all 
kinds  of  results  may  be  obtained,  depending  upon  the  relative 
drops  through  the  pad  and  through  the  insulation.  In  a  low 
voltage  machine,  with  relatively  thin  insulation,  the  pad  may 
take  most  of  the  drop.  With  very  heavy  insulation,  the  pad  may 
take  proportionately  less  and  the  thermometer  reading  departs 
accordingly  from  the  copper  temperature.  It  might  be  sug- 
gested that  a  big  thick  pad  of  very  poor  heat  conducting  material 
might  be  used.     This  apparently  would  tend  toward  more  ac- 
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lUriitp  UiilpiTiilurc  rcadinKs,  but,  on  the  other  hand,  harmful 
oMu'lh  may  lie  introduced  by  the  use  of  a  large  pad.  The  resis- 
li»inc  III  heat  (Itssipation  beiiit;  incTEascd  in  the  area  covered  by 
llie-  |)!id,  Libviuusly  less  heal  will  be  carried  away  at  this  point 
atnl.  ihorcforL',  the  heal  generated  under  the  pad  must  be  con- 
ducted to  adjacent  parts  of  the  coil.  This  means  an  increased 
toiniK-nilurt?  at  this  point,  due  to  the  use  of  the  pad.  Again,  the 
uiic  of  the  pad,  in  some  cases,  may  affect  the  normal  ventilation 
of  (rcriain  parts  of  the  coil  not  directiv  covered  bv  the  pad.  For 
instance,  if  there  is  a  ventilating  space  between  two  adjacent 
artiiamrt-  coils.  ihroui;h  which  air  is  normally  driven,  a  pad  which 
ccjVL-rs  this  space  e\'en  partially  may  create  more  or  less  of  an  air 
ixjckcl.  and  thus  materially  affect  the  heat  dissipation,  and  the 
temijerature  directly  under  the  pad.  Ext)erience  has  shown  that 
both  of  the  above  conditions  are  obtained  when  ^ood  judgment 
is  not  used  in  ihe  application  of  the  covering  pad.  This,  of  course, 
applies  particularly  to  those  cases  where  temperature  readings 
are  obtained  while  the  machine  is  in  oj>eration.  Of  course,  after 
shut-do\*Ti,  most  q^uestions  of  ventilation  and  of  generation  of 
higher  temperature  under  the  pad  need  not  be  taken  into  account. 
There  are  sf)  many  conditions  entering  into  t+ie  interjiretation 
of  the  thermometer  and  resistance  methods  of  determining 
temperature,  that  in  certain  classes  of  apparatus  it  has  been 
very  desirable  to  find  more  accurate  methods.  One  of  these 
is  in  the  use  of  so  called  resistance  coils.  In  this  method  a  coil 
of  fine  wire  of  a  known  temperature  co-efficient,  and  of  known 
resistance  at  a  given  temperature,  is  placed  at  the  spot  where 
the  lemperiiturc  is  to  be  measured,  and  the  temperature  rise  is 
determined  from  the  increased  resistance  of  the  coil.  One  serious 
ulijcciion  to  this  arrangement,  is  that  the  resistance  coil  must 
have  considerable  length  and  breadth  so  that  it  really  indicates 
the  a\craKe  lemperalure  of  aconsiderable  area  instead  of  a  point. 
When  placed  between  two  coils,  as  indicated  in  Fig,  5,  it  usually 
occujiies  so  i^rea!  a  proportion  of  the  slot  that  it  indicates  an 
a\eragc  temiicraturc  {■nnsiderably  luwcr  than  al  «.  Furthermore. 
■  'II  accnunt  <'i  the  length  >ii  such  coils,  ihcrc  may  be  a  consider- 
able difference  between  the  temperatures  at  the  two  ends.  Thus 
ihe  resistance  coil,  like  the  resistance  measurement  of  the  wind- 
ings ihemsehes,  gives  :in  average  result.  Init  this  average  may 
be  limitL-d  In  a  comparatively  small  area,  whereas,  in  the  resist- 
ance mclhod  in  general  the  indicated  rise  is  an  average  of  the 
whole  winding.     Hovve\er,  in  the  resistance  method,  the  tem- 
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perature  of  the  conductors  themselves  is  measured,  whereas, 
with  the  resistance  coil  the  temperature  measurement  is  outside 
the  insulation.  The  resistance  coil  method  is,  therefore,  a  rel- 
atively crude  approximation,  although  when  brought  out  it  was 
really  an  important  step  in  advance.  In  its  early  application, 
many  misleading  results  were  obtained,  due  largely  to  lack  of 
understanding  of  the  principles  governing  temperature  distribu- 
tion and  temperature  drop.  In  some  cases,  the  resistance  coil 
was  placed  under  the  wedge  as  at  b  in  Fig.  5.  In  other  cases, 
the  coil  was  placed  at  the  side  of  the  slot  next  to  the  iron,  or  at 
the  bottom.  Very  rarely  was  it  placed  midway  between  the  two 
coils,  probably  because  this  was  a  more  difficult  application  and 


also  because  the  greater  accuracy  of  such  location  was  not  rec- 
ognized. From  the  use  of  resistance  coils  many  good  engineers 
drew  the  conclusions  that  the  upper  limit  of  permissible  tempera- 
ture for  fibrous  insulations  was  only  80  deg.  to  90  deg.  cent., 
because  with  the  coils  located  in  certain  ways  and  places,  de- 
terioration of  insulation  at  some  other  point  was  liable  to  begin, 
if  the  above  temperatures  were  exceeded.  The  error  was  in  not 
recognizing  the  temperature  drop  between  some  hotter  spot  and 
the  average  location  of  the  resistance  coil.  When  this  condition 
was  recognized,  the  results  obtained  by  resistance  coils  became 
more  consistent  with  the  facts. 

A  later  development  than  the  resistance  coil  is  the  thermo- 
couple as  a  practical  device  for  measuring  temperature.     One 
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great  advant^e  of  the  thermocxyuple  is  its  ver>~  small  size,  so 
that  it  can  indicate  the  temperature  at  practically  a  point  instead 
of  a  ver\"  considerable  area.  Moreover,  as  it  is  a  Eero  current 
method  of  measurement,  when  used  with  a  p Jtentiometer  no 
question  of  size  or  length  of  the  connecting  leads  need  come  up 
The  lhermo<:ouple  is  so  small  and  has  so  little  mass,  that  it  can 
follow  ver>-  quickly  any  temperature  changes  where  it  is  located. 
If  properly  placed  it  furnishes  the  most  accurate  temperature 
indicator  which  we  now  have,  as  it  can  be  located  in  all  sorts  of 
normally  inaccessible  places.  However,  its  use  is  practically 
limited  to  sLationar\-  apparatus  In  rotating;  apparatus,  or 
rotating  parts  it  can  be  used  only  after  shut-down,  which  intro- 
duces errors,  as  already  shonm. 

Masv-Cosdictor  Coils 

In  all  the  preceding  considerations  it  has  been  assumed  that 
the  copper  inside  the  coils  itself  is  ai  a  uniform  temperature,  in 
any  fpven  unit  of  length.  This  is  practically  true,  provided  the 
coil  is  made  up  of  a  single  conductor,  or  of  a  relatively  few  con- 
ductors with  only  a  moderate  amount  of  insulation  between  Ihem. 
When  several  ciil?  or  cjnduct'.irs  are  placed  side  by  side,  as  in 
Fin.  f>.  it  would  appear  at  first  glance  that  the  middle  coils  should 
heat  much  more  than  the  outer  ones.  But,  in  reality,  unless 
there  are  many  layers  of  coils,  the  temi^eratiires  of  the  different 
coils  will  not  vary  greatly  from  each  other.  For  instance,  in 
Fig.  0,  the  heat  generated  in  the  middle  conductor  is  only  one- 
third  that  of  the  total  generated  in  the  coil,  and  yet  the  two 
side  surfaces  through  which  this  heat  passes  to  the  adjacent  coils 
aggregate  almost  as  much  as  the  total  outside  dissijiaiing  surface 
of  the  whole  coil,  through  which  all  the  lateral  heat  flow  is  dis- 
siijated.  Considering  further  that  the  insulation  between  the 
middle  coil  and  iis  neighbors  is  relatively  thin  compared  with 
the  outside  covering,  it  is  obvious  that  the  tem])erature  drop 
fr..m  this  cil  lu  the  adi;iceiU  ...nes  will  be  com].aratively  small,— 
possilily  nni  (,\-er  ten  per  cent  i<\  the  drnji  through  the  outside 
insulatiun 

However,  with  a  large  number  of  coils  side  by  side,  the  condi- 
tions become  cumulatively  worse.  Here,  the  drop  from  the 
ceiuer  ciinductor  to  the  next  one.  may  Lie  small.  But  the  drop 
iRjTii  ilje  semnd  cuTuhictor  to  the  third  is  considerably  greater 
due  to  the  hi-at  i.l  two  conductors  being  transmitted.  From  the 
third   I'l  the  ii>urlh  there  is  a  drop  corresponding  to  the  losses 
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of  three  conductors,  etc.  Thus,  there  is  a  graduaiiy  increasing 
temperature  drop  from  the  center  of  the  coil  toward  the  outside 
surface,  and  if  the  coil  be  very  deep,  that  is,  if  it  consists  of  many 
insulated  layers,  the  sum  total  of  the  drops  may  be  quite  large. 
Or,  putting  it  in  another  way,  with  a  comparatively  deep  coil 
the  temperature  rise  from  the  outside  surface  of  the  coil  itself 
toward  the  center  will  be  very  rapid  at  first,  and  gradually  taper 
off,  as  indicated  in  Fig.  7.  This  is  indicated  very  clearly  in  the 
case  of  an  over-heated  field  of  coil  of  fine  wire.  Here  the  first 
outside  layers  will  usually  be  found  in  a  fairly  good  condition, 
but  at  a  comparatively  little  distance  inside  the  coil  there  may 
be  severe  roasting  or  evidence  of  overheating,  which  may  be 


almost  as  bad  as  at  the  center.  (See  Fig.  8.)  In  such  case,  the 
temperature  measurement  on  the  outside  of  the  coil  is  no  satis- 
factory indication  of  the  hot-spot  temperature.  A  temperature 
measurement  by  resistance,  while  a  closer  indication  than  that 
by  thermometer,  also  may  be  very  misleading.  It  may  be  stated 
that  modern  design  tendencies  are  toward  comparatively  shallow 
field  coils,  largely  on  account  of  this  condition. 

Conclusion 

The  whole  object  of  this  paper  is  to  show  the  problem  of  tem- 
poralure  distribution  and  temperature  measurement,  as  it 
actually  is.  It  is  the  writer's  desire  to  show  that  no  hard  and  fast 
rules  can  be  made  for  determining  the  facts  in  the  case,  and  that 
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RATIONAL  TEMPERATURE  GUARANTEES  FOR 
LARGE  A-C.  GENERATORS 


BY    F.  p.  NEWBURY 


Abstract  of  Paper 

The  paper  is  an  argument  for  the  standardization  of  tempera- 
ture guarantees  when  the  guarantee  is  based  on  internal  tem- 
peratures as  measured  by  thermocouples.  It  is  recommended 
that  in  all  cases  the  maximum  safe  operating  temperature  of  the 
insulation  be  used  as  the  temperature  guarantee,  instead  of  using 
a  lower  temperature.  The  standardized  guarantee,  50-deg.  rise 
by  thermometer,  is  cited  in  comparison  with  the  present  wide 
range  of  temperature  rises,  from  60  deg.  to  100  deg.,  that  have 
been  called  for  in  specifications  when  the  thermocouple  method 
of  measurement  is  used.  Arguments  are  presented  from  the 
stand-point  of  both  the  designing  and  the  operating  engineer  for 
the  use  of  this  standardized  temperature  rise.  Curves  are 
shown  illustrating  the  temperature  conditions  in  both  stator  and 
rotor  of  a  typical  Targe,  high-voltage  turbo-generator.  Examples, 
based  on  these  curves,  are  given  to  show  that  a  low  temperature 
rise  guarantee  for  the  stator  does  not  necessarily  result  in  margin 
for  overloads.  This  margin  for  overloads  is  the  main  argument 
that  can  be  advanced  in  favor  of  low  temperature  rises.  The  only 
way  in  which  the  purchaser  can  be  certain  of  overload  margin  is 
to  have  the  specifications  call  for  the  maximum  rating  desired,  in 
which  case  the  maximum  safe  operating  temperature  may 
logically  be  made  the  temperature  guarantee. 


OPERATING  engineers  are  familiar  with  the  use  of  a  single 
standardized  guarantee  of  temperature  rise  by  thermometer 
for  large  single-rated  generators,  and  particularly  for  turbo- 
generators. During  the  past  five  or  ten  years,  such  generators 
ha\'e  been  purchased  very  generally  on  the  basis  of  a  50  deg. 
rise,  measured  by  thermometer.  This  standard  rise  was  fixed 
at  50  deg.  because  it  was  felt,  by  reason  of  general  experience, 
that  this  represented  the  maximum  safe  rise.  It  was  recognized 
that  with  guarantees  based  on  the  temperatures  of  external 
surfaces,  a  single  limit  could  not  be  fixed  that  would  fit  all  cases; 
yet  a  single  limit  was  fixed  and  has  been  adhered  to  in  practically 
all  commercial  transactions.  This  standardized  guarantee,  more- 
over, takes  no  cognizance  of  the  inherent  variations  in  the  actual 
temperature  performance  of  individual  units.     A  high-voltage 
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crntTMlor  Biiii  11  similar  low-vollage  genvrator  un<l«T  some  con- 
i)ilii.»is  «liiui1(l  t)c  designed  for  quite  different  temperatures  as 
titrttMiiTil  I'V  thermometer  (on  account  of  preatei  temperature 
\\\\\\\  line  til  lliicker  insulation  with  high  voltage)  yet  both  these 
\\y\\\H  wtittUI  bi-  guaranteed  for  a  rise  of  50  deg.  in  accordance 
wUli  ihis  rsl.'ililished  practise. 

hi  lilt  commercial  introduction  of  the  thermocouple  or 
iT!tl»l  imtT-coil  methods  of  measurement,  as  a  basis  for  guarantees 
ttirri-  liHfi  Iwen  a  tendency  to  lose  sight  of  this  idea  of  a  stand- 
iirilizt^il  Kuarantce.  When  this  method  first  appeared  in  con- 
Intcts  abftut  three  years  aeo.  guarantees  for  "hot-spot"  rises  as 
low  ii-s  40  de>;.  were  required  in  some  instances.  As  the  real 
jiig nificance  of  the  results  obtained  by  these  internal  measure- 
ments became  better  known,  the  specified  temperature  rises 
based  on  this  method  have  gradually  increased  up  to  the  rela- 
tively high  values  consistent  with  the  safe  operating  temperatures 
of  mica  in.sulation.  With  built-up  mica  insulation,  a  safe  opera- 
ting temperature  of  1.50  deg.  may  be  guaranteed,  and  the  corres- 
ponding temperature  rise  guarantee  may  be  105  deg.,  or,  in  round 
numbers,  100  deg.  Vet  even  today  there  is  no  uniformity  in 
guarantees.  Temperature  rises  of  60  deg.  are  often  called  for 
in  specifications,  even  when  mica  insulation  is  employed,  and 
practically  all  temperatures  between  tiO  deg  and  100  deg.  have 
been  used  as  guarantees  on  one  occa.sion  or  another. 

In  discussing  maximum  permissible  rises,  the  author  has  in 
mind  the  limits  allowed  when  mica  or  other  Class  B  insulations 
are  used.  The  ma.timum  safe  rise  allowed  by  Class  A  insulations 
is  only  t>0  (leg.  and  this  is  ,so  near  the  familiar  guarantee  of  50 
deg.  rise  by  theriiiometer  that  there  is  no  tendency  to  give  guaran- 
tees below  the  possible  maximum  when  this  class  of  insulation  is 

[•'rom  the  standpoint  of  the  designer  of  large  generators,  the 
desinibilily  of  a  standardized  tcmi^eraturc  guarantee  that  is 
consistent  with  the  safe  operating  temperature  of  mica  insulation 
is  apjiareni.  When  other  conditions  permit,  full  advantage 
can  be  taken  of  the  heat-resisting  pro])erlies  of  the  insulation 
iind  the  mi)si  efficient  and  economical  design  can  be  produced. 
In  the  largest  (wo-  and  four-pole  generators,  it  is  not  only  desir- 
able, hut  in  many  cases  it  is  necessary  that  such  advantage  be 
taken  in  order  that  the  safest  mechanical  design  may  be  produced. 
icnsc  that  the  copper  and  the  sheet  steel  cores 
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greater  factors  of  safety  may  be  provided  in  the  all-important 
mechanical  features  of  the  design.  There  are  so  many  real 
limitations  imposed  by  the  physical  characteristics  of  the  avail- 
able materials  that  demand  careful  consideration  in  the  design 
of  high-speed  machinery,  that  the  imposition  of  additional 
"man-made"  restrictions  should  by  all  means  be  avoided.  They 
only  serve  to  uselessly  impede  progress. 

In  a  fair,  sensible  contract  there  should  be  no  conflicting  or 
inconsistent  guarantees.  It  is  now  customary  to  include  in  many 
contracts  for  large  generators  a  guarantee  covering  the  total 
temperature  that  the  insulation  will  continuously  withstand 
without  injury.  Such  a  guarantee  of  the  insulation  is  virtually 
a  guarantee  of  maximum  capacity — so  far  as  capacity  is  deter- 
mined by  heating — and  so  covers,  broadly,  the  same  ground  as 
the  guarantee  of  temperature  rise.  Obviously,  the  two  guarantees 
should  be  equivalent.  An  example  will  make  this  clear.  With 
suitable  mica  insulation,  150  deg.  is  frequently  used  as  the  safe 
limiting  temperature  guarantee.  Assume  that  this  guarantee  is 
made  and  also  that  the  generator  is  guaranteed  to  deliver 
its  rated  kilovolt-amperes  without  exceeding  a  temperature  rise 
of  80  deg.  Two  different  guarantees  will  have  been  made;  one 
that  the  generator  will  deliver  its  guaranteed  load  with  a  total 
existing  temperature  of  125  deg.  (adding  40  deg.  air  temperature 
and  5  deg.  allowance  to  the  guaranteed  rise  in  accordance  with 
the  A.  I.  E.  E.  Standardization  Rules);  and  another  that  the 
generator  can  be  safely  operated  up  to  a  temperature  of  150  deg. 
The  guaranteed  temperature  rise  should  have  been  105  deg.  to 
make  the  two  guarantees  consistent  and  rational. 

In  considering  the  subject  of  low  versus  high  temperature 
rise  guarantees,  one  is  apt  to  look  upon  a  low  rise  in  itself  as  an 
advantage  just  as  low  loss  in  a  generator  is  an  advantage.  A 
temperature  rise  guarantee,  however,  is  radically  different  in 
nature  from  a  loss  or  efficiency  guarantee.  In  the  case  of  effi- 
ciency the  operator  is  interested  in  what  the  apparatus  will 
actually  do;  any  reduction  in  losses  is  of  direct  benefit,  and  the 
greater  the  reduction,  the  better  will  be  the  generator.  With 
temperature,  on  the  other  hand,  the  operator  is  only  interested 
in  temperature  rise  to  the  extent  of  knowing  that  it  is  safe; 
he  is  not  primarily  interested  in  temperature  figures.  If  the  opera- 
ting temperature  is  safe,  a  lower  temperature  will  be  no  safer 
and  of  no  particular  value. 

The  importance  to  the  operator  of  a  temperature  guarantee 
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tcenerators,  approximating  20,000  kv-a.,  at  1800  rev.  per  min.  and 
13,000  volts.  They  may  be  considered  as  typical  of  the  large, 
high-speed,  high-voltage  generator.  Temperature  tests  were 
made  at  normal  voltage  and  open  circuit  and  at  norma!  voltage 
and  at  various  percentages  of  rated  load.  The  temperatures 
at  other  than  tested  loads  are  taken  as  proportional  to  the  losses 
involved.  In  the  case  of  the  cooling  air,  the  temperature  rise 
varies  in  proportion  to  the  total  losses  of  the  generator;  in  the 
core,  the  temperature  drop  varies  with  the  total  stator  losses 
(neglecting  the  relatively  small  loss  dissipated  through  the  coil 
ends) ;  and  in  the  case  of  the  winding,  the  temperature  drop 
through  the  insulation  varies  with  the  total  loss  in  the  embedded 
copper.  These  curves  are 
only  roughly  approximate  but 
are  sufficiently  accurate  for 
the  present  purpose.  They 
give  a  picture  of  the  temper- 
ature conditions  in  the  stator 
of  many  of  the  large  high- 
voltage  turbo-generators  that 
have  been  placed  in  operation 
during  the  past  three  years. 

According  to  these  curves, 
in  such  a  turbo  generator,  at 
100  per  cent  of  rated  load, 
the  cooling  air  rises  25  deg. ; 
the  outside  surface  of  the  core 
rises  40  deg.  above  the  enter- 
ing air,  or  15  deg.  above  the 
temperature  of  the  discharge  air  in  contact  with  this  surface. 
There  is  a  drop  of  45  deg.  through  the  armature  coil  insula- 
tion, giving  the  total  rise  of  100  deg.  in  the  copper.  It  will 
be  noted  that  nearly  half  of  this  total  rise  is  accounted  for  by 
the  temperature  drop  through  the  insulation  and  consequently, 
any  material  reduction  in  the  total  rise  must  involve  a  substantial 
reduction  in  the  temperature  drop  through  the  insulation.  In 
considering  these  curves  it  must  be  borne  in  mind  that  they 
represent  the  average  generator  of  a  particular  class  and  are 
based  on  generators  designed  to  operate  at  100  deg.  rise  in  the 
stator  cop])er  at  rated  load. 

( )n  account  of  its  importance,  it  is  well,  at  this  point  to  consider 
ill  detail  the  reasons  for  this  relatively  large  temperature  drop 
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through  the  coil  insulation  and  the  factors  that  determine  it. 
The  temperature  drop  through  the  insulation  is  probably  the 
most  important  single  item  in  determining  the  copper  temper- 
ature and  is  directly  responsible  for  the  greater  part  of  the  dif- 
ference between  temperature  measured  b\-  mercun,-  thermometers 
placed  outside  of  the  insulation  on  the  coil  ends  and  by  thermo- 
couples placed  so  as  to  approximately  measure  the  true  copper 
temperature. 

The  general  principles  on  which  differences  between  internal 
and  external  temperatures  depend  have  been  explained  m  the 
paper  by  Mr.  Lamme.  on  Temperature  Distribution  in  Eleclrical 
Machinery,  and  need  not  be  given  here.  The  particular  points 
that  apply  to  the  present  problem  may.  however,  be  briefly 
stated. 

The  most  important  path  of  heat  flow  in  the  stator  of  a  gen- 
erator having  a  long  core  is  in  the  plane  of  the  laminations. 
that  is,  from  the  copper  of  an  armature  coil,  through  the  insula- 
tion, and  throujih  the  sheet  steel  of  the  core  to  the  air.  The  most 
important  part  of  this  path  is  the  insulation.  As  Mr.  Lamme 
points  out,  the  temperature  drop  through  the  insulation  is  pro- 
portional to  the  heat  transmitted  (watts  loss)  to  the  length  of 
the  path  (the  thickness  of  the  insulation)  to  the  cross  sectional 
area  of  the  path  (the  surface  of  the  insulation  in  contact  with  the 
core  laminations)  and  the  heat  resistance  of  the  material. 

A  measure  of  the  resistance  to  the  flow  of  heat,  or.  more 
properly,  a  measure  of  the  thermal  conductivity,  is  that  rate  of 
heat  flow,  expressed  in  watts,  that  will  cause  a  drop  of  one  deg. 
cent,  when  transmitted  through  an  inch  length  and  a  square 
inch  section  of  the  material;  just  as  in  the  electric  circuit  the 
conductivity  might  be  expressed  as  the  value  of  current  flow 
that  will  cause  one  volt  drop  through  an  inch  cube  of  the  material. 
Values  of  thermal  conductivity  of  composite  forms  of  insulation 
are  difficult  to  determine  because  different  samples,  apparently 
similar,  give  widely  dilTering  resulls.  This  is  largely  due  to 
the  cITcct  of  air  pockets  in  the  insulation.  The  tighter  the  insu- 
lation, the  higher  will  be  the  conductivity.  For  example,  in 
tests  made  by  Symonds  and  Walker*,  solid  mica  was  found 
to  have  a  thermal  conductivity  of  0.00915  watts  per  inch  cube, 
while  Iniiit  up  mica  coil  insulation  had  a  conductivity  less  than 
one-third  of  this.   Glass  (to  consider  another  solid  ordinarily 
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thought  of  as  a  poor  heat  conductor)  is  about  ten  times  as  good 
a  conductor  as  the  usual  coil  insulations.  It  is  safe  to  say  that 
the  degree  to  which  air  spaces  exist  in  the  insulation  has  more 
influence  on  the  heat  conductivity  than  does  any  difference  there 
may  be  in  the  conductivities  of  the  various  component  tnaterials 
such  as  paper,  cloth,  varnish,  mica,  etc.,  From  the  best  data 
available  it  appears  that  the  heat  conductivity  of  coil  insulations, 
commonly  used,  varies  from  0.0025  to  0.005  watts  per  inch  cube 
of  the  material;  the  lower  range  of  figures  applies  to  the  older 
hand-wrapped  materials  while  the  higher  range  covers  insula- 
tion applied  under  heat  and  heavy  pressure  by  machinery. 
From  the  standpoint  of  heat  conductivity  and  temperature 
drop  the  importance  of  tightly  wrapped,  compact  insulation  is 
obviously  very  great. 

When  the  rate  of  heat  flow,  expressed  in  watts,  and  the  thermal 
conductivity  and  dimensions  of  the  insulation  are  known  it  is 
possible  to  calculate  the  temperature  drop  through  the  insulation 
with  a  fair  degree  of  accuracy.  The  determination  of  the  rate 
of  heat  flow,  however,  involves  two  factors  that  require  consider- 
able experience  to  estimate;  one,  the  proportions  of  the  total 
heat  that  are  transmitted  along  the  copper  to  the  coil  ends  and 
through  the  insulation  to  the  core;  and,  the  other,  the  increase 
in  loss  due  to  eddy  currents  in  the  copper.*  Since  the  present 
purpose  is  only  to  show  the  order  of  magnitude  of  this  drop 
and  the  reasonableness  of  the  figure  given  for  the  typical  gener- 
ator in  Fig.  1,  it  will  be  sufficiently  accurate  to  assume  that  one 
factor  offsets  the  other;  that  the  eddy  current  losses  are  equal 
to  the  loss  transmitted  longitudinally  through  the  copper.  It 
will  also  be  assumed  that  the  insulation  is  as  compact  as  it  is 
possible  to  make  it  and  has  a  thermal  conductivity  (including 
the  air  spacef  between  the  coil  and  slot)  of  0.0035  watts.  It 
is  usual  in  units  of  this  class  to  work  the  copper  in  the  neighbor- 
hood of  1600  am])eres  per  sq.  in.  which  results  with  slots  of  usual 

*It  is  interesting  to  note  that  the  eddy  current  loss  in  the  copper, 
in  a  well  designed  generator  is  only  a  small  part  of  the  load  loss  measured 
with  the  generator  short-circuited,  and  that  there  is  no  method,  so  far 
as  the  writer  knows,  of  accurately  calculating  this  loss.  The  theory  and 
formula  developed  by  Field,  Rogowski  and  others  only  cover  the  limiting 
cases  of  solid  conductors  or  infinitely  laminated  conductors. 

t Still  air  has  a  thermal  conductivity  only  one- tenth  that  of  built  up  insu- 
lations. Even  with  the  closest  possible  fit  between  the  coil  and  the  lamina- 
tions, which  present  a  more  or  less  rough  surface  to  the  coil,  there  is  an 
appreciable  decrease  in  the  conductivity  due  to  this  "joint." 
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ately  explained.  It  will  be  noted  that  in  the  typical  generator, 
illustrated  by  Fig.  1,  the  temperature  rise  of  the  core  surface  is 
only  40  deg.  and  the  temperature  rise  of  the  exposed  end  windings 
would  be  in  the  neighborhood  of  50  deg.  using  ordinary  methods 
of  applying  thermometers.  In  other  words,  this  generator  which 
has  a  hot-spot  temperature  rise  of  100  deg,  would  probably 
meet  a  50  deg.  rise  guarantee  based  on  surface  temperatures. 
Fig.  2  shows  the  increase  in  field  temperature  and  voltage 
drop  with  increase  in  field  current.  The  temperature  curve 
is  based  on  the  assumption  that  the  temperature  rise  at  rated 
load  is  100  deg.  and  is  pro- 
portional to  the  loss  at  other 
loads.  The  loss  and  temper- 
ature rise  increase  consider- 
ably faster  than  in  proportion 
to  the  square  of  the  current, 
due  to  the  increase  in  re- 
sistance with  temperature. 
This  factor  becomes  of  very 
great  importance  at  the  rela- 
tively high  temperatures  at 
which  turbo  fields  are  ordi- 
narily worked.  Thus,  with  a 
10  per  cent  increase  in  field 
current,  above  100  per  cent 
of  rated  current,  the  tem- 
perature rise  increases  33  per 
cent,  where  only  21  per  cent 
would  have  resulted  if  the  re- 
sistance had  remained  con- 
stant. Due  to  this  effect  and 
also  to  the  second-power  rela- 
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tion  between  the  current  and  loss,  the  temperature  r 
at  a  greatly  accelerated  rate  for  current  above  normal.  For  ex- 
ample; the  first  100  deg.  of  rise  is  produced  by  100  per  cent  of 
normal  full-load  field  amperes;  the  second  100  deg.  rise  is  pro- 
duced by  an  additional  25  per  cent  of  normal  amperes;  and  the 
third  100  deg.  of  rise  is  produced  by  only  15per  cent  of  normal 
amperes.  In  other  words,  to  obtain  an  increase  of  40  per  cent  in 
ampere  turns,  the  loss  must  be  tripled  and  the  temperature  rise 
must  be  increased  from  100  deg.  to  300  deg.  There  is  also  a  cor- 
respondingly rapid  increase  in  required  exciting  voltage  for  field 
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currcnls  alwve  normal.  Even  Ihough  the  drop  increases  only  in 
proportion  to  the  first  power  of  ihe  current,  the  further  increase 
due  to  the  increase  in  resistance  makes  the  total  rate  nearly  as 
great  as  in  the  case  of  the  loss  and  temperature  rise.  The  drop  on 
the  basis  of  constant  resistance  is  shown  by  ihestraiyhl  Hnc  in 
FiK-  2.  The  difTerencc  in  the  ordinate  of  this  straight  line  and  the 
total  dro])  shows  ;;raphically  the  large  effect  of  the  change  in  re- 
sistance at  currents  above  nonnal.  To  ulvtain  only  2o  per  cent 
increase  in  exciting  a' np  ere -turns,  an  increase  of  60  per  cent  in 
exciting  voltage  is  demanded.  This  irwreasc  in  excitinj;  voltage  is, 
in  the  majority  of  mica  in- 
sulated generators,  the  real 
limit  to  overload  caparity. 
The  insuhition  used  in  the 
rotors  of  targe  turbo-genera- 
tors with  which  the  author 
is  familiar  is  solid  molded 
mica  between  the  capjier  and 
ground,  and  mica  and  asbestos 
tape  between  turns.  Such  in- 
sulation can  obviously  with- 
•iUmA  LcTniicraLurcs  of  'icvcral 
hundred  degrees,  yet  the  total 
temperature  is  limited  to  150' 
degrees,  on  account  of  the  i 
l>rohibitive  increase  in  excit-  > 
ing  voltage,  just  described, 
thai  occurs  with  higher  tem- 
[lenilures.  Thus,  so  far  as  , 
the  rotor  is  concerned,  tcm- 
l)crat.iire  is  not  directly  a  limit  to  ca|iacity. 

Fig,  ;!  shows  the  relation  between  armature  amjieres  and  field 
anii>crcs  in  a  large  lurbo-gencrator  of  average  design  proportions, 
and  ties  together  the  data  given  in  Figs.  I  and  2.  While  differ- 
ences between  individual  units  will  change  this  relation  to  some 
extent,  tlic  change  will  not  be  of  such  magnitude  as  to  affect 
the  conclusinns  reached.  The  three  lower  curves  show  the 
imn'dsi'  III  field  ciirn-ul  iilnnr  llic  no-load  value  for  different  power 
factors.  In  the  np|)er  curves  these  same  data  have  been  expressed 
as  the  l>i-ri  filiate  oj  the  full-load  field  amperes  at  each  of  the  three 
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that  in  three  different  genera- 
designed  for  100  per  cent  power  factor    operation,   a 
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second  for  90  per  cent  power  factor,  and  the  third  for  80  per  cent 
power  factor,  all  having  the  same  ratio  between  armature  and 
field  strengths,  the  increase  in  field  current  expressed  as  a  per- 
centage of  full-load  field  current  will  be  the  same  between  70 
per  cent  and  120  per  cent  of  rated  load.  For  the  present  purpose, 
oj)erating  power  factor  may  therefore  be  disregarded,  providing 
the  generator  is  assumed  to  operate  at  the  power  factor  for  which 
it  was  designed. 

These  curves  may  now  be  used  to  prove  the  statement,  pre- 
viously made,  that,  in  order  to  provide  additional  capacity  in 
a  generator  beyond  the  contract  rating,  it  is  necessary  that  the 
temperature,  rise  guarantees  of  the  armature  winding  and  of 
the  field  winding  be  approximately  equal.  If  a  generator  has 
a  true  hot-spot  rise  of  60  deg.  in  the  stator  and  a  rise  by  resistance 
of  100  deg.  on  the  rotor  the  promise  of  margin  for  overloads 
given  by  the  low  armature  temperature  will  prove  to  be  fruitless. 
To  restate  this  in  the  words  of  the  original  proposition;  a  low 
stator  rise  does  not  guarantee  margin  for  overloads. 

The  question  will  be  considered  in  two  ways;  first,  to  show 
what  field  winding  temperature  rise  and  exciting  voltage  are 
consistent  with  an  armature  temperature  rise  of  60  deg.;  and 
second,  to  show  what  field  winding  temperature  rise  and  excit- 
ing voltage  will  result  when  the  load  is  increased  so  as  to  increase 
a  low  armature  temperature  rise  to  the  safe  operating  temperature 
with  a  generator  having  an  initial  field  temperature  rise  of  100 
deg. 

Let  it  be  assumed  that  a  purchaser  believes  more  margin  in 
stator  temperature  rise  is  desirable  in  order  to  obtain  margin 
in  capacity  for  contingencies,  and  specifies  that  the  stator 
temperature  rise  as  measured  by  thermocouple  shall  not  exceed 
60  deg.  What  rotor  temperature  rise  and  what  margin  in  exciting 
voltage  should  be  specified  in  order  that  this  expected  margin 
may  be  realized?  This  condition  requires  that  a  consistently 
designed  generator  be  assumed;  that  is,  a  generator  capable 
of  operating  at  the  anticipated  maximum  load  within  the 
guaranteed  safe  limiting  temperature  of  the  insulation  in  both 
armature  and  field,  and  requiring  an  exciting  voltage  within  that 
available,  or,  in  other  words,  a  generator  having  characteristics 
shown  in  Figs.  1,  2,  and  3,  at  the  maximum  expected  rating. 
This  generator,  as  illustrated  by  Fig.  1,  must  be  derated  from 
100  i^er  cent  to  66  per  cent  rating  to  meet  60  deg.  rise  in  the  stator, 
so  that  a  high-voltage  generator,  of  these  relative  core  and   cop- 
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per  temperatures,  that  meets  60  deg.  rise  at  its  namcplat 
can  carry  50  per  cent  overload  continuously,  and  still 
within  the  safe  temperature  of  mica  insulation.  The 
core  and  co]>pcr  temperatures  may  lie  varied  somewhat : 
ent  designs,  but  on  account  of  the  magnitude  of  the  ( 
and  windage  loss,  as  compared  with  the  stator  copper 
feasible  variation  is  not  large. 

Prom  Fig.  3,  6(i  per  cent  of  rated  armature  amperes 
84  per  cent  of  the  field  excitation  at  100  per  cent  load 
Fig.  2,  the  temperature  and  exciting  voltage  at  84  per  c 
excitation  arc  64  deg.  and  76  per  cent  respectively, 
consistent  guarantees  would  be  60  deg.  by  therrr 
for  the  armature,  and  60  deg.  by  resistance  for  the  field 
and  the  generator  should  be  designed  to  require  not  m' 
90  volts  exciting  voltage  (on  the  basis  of  125  volts  av 
In  taking  the  required  field  current  at  the  nameplat 
from  66  |)er  cent  rating  on  Fig.  3,  we  have,  in  effect,  ma 
the  assumed  unity  relation  between  armature  and  field  s 
at  the  capacity  rating.  This  results  in  a  ratio  of  1.5  attl 
l)latc  rating,  which  is  a  hij^her  ratio  than-  would  [. 
be  used  for  a  large  two-  or  four-jiole  Uirbo-generator. 
words,  in  an  actual  design,  the  field  would  he  rclaiiveh 
than  in  the  above  rase,  and  the  increase  in  iield  cvirrent, 
ature,  and  exciting  voltage,  would  be  greater  than  in  the 
and  the  ■;uiir;inlee<l  figures  for  the  rotor  should  be  corro^ii" 
lowered.  To  complete  the  story,  then.lhis  ratio  or  an  eq 
desi);n  figure,  must  also  be  specified. 

The  dctcnninalion  of  consistent  ;;uarant.ees  Liiat  w 
certain  a  desired  ntargin  in  generator  ca|)acity,  no  doubt 
from  tills    e\ami)lc.  to  he  a  complicaLed  matter.      It  i 

fashion.      If  this  margin  is  realh-  desired,  the  |.«rchase 

make  ilu-  dfsired  muMnnnn  rating  ami  the  contract  ra 

suiiie.  when  all  llics^.  <lit)iculties  will  disappear,  '1 
IcmpcnUinv    ri-fs    will,    inridenily,     :ilsn    disa]ipear    fi 
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the  basis  of  the  guarantees,  in  the  field.  If  the  load  were  increased 
to  the  limit  of  the  armature,  there  would  result  a  temperatiu'e 
rise  in  the  neighborhood  of  400  deg.  in  the  field,  and  an  exciting 
voltage  would  be  required  nearly  three  times  normal.  Of  course, 
these  are  impossible  operating  conditions;—  with  these  assumed 
rises  of  60  deg.  and  100  deg.  there  is  no  possibility  of  taking 
advantage  of  the  low  armature  temperature.  Consider  then 
a  less  extreme  case.  Let  the  armature  rise  be  80  deg.  when  the 
field  rise  is  100  deg.  Then  an  increase  in  load  of  14  per  cent 
(from  86  per  cent  to  100  per  cent.  Fig.  1)  is  permissible,  without 
exceeding  the  limiting  safe  rise  of  100  deg.  This  requires 
an  increase  of  9  per  cent  in  field  excitation  (Fig.  3);  and 
results  in  a  rise  of  130  deg.  and  a  voltage  drop  across  the  field 
winding  of  117  per  cent.  This  would  require  an  exciter 
voltage  of  approximately  150  volts  on  the  basis  of  125  volt 
excitation. 

These  examples  illustrate  the  point  already  made,  that  a 
low  temperature  rise  guarantee  for  the  armature  is  not  in  itself 
a  guarantee  of  operating  margin;  that  the  only  way  in  which 
this  margin  can  be  surely  obtained  is  for  the  purchaser  to  draw 
his  specifications  for  the  maximum  rating  desired.  Obviously, 
at  this  maximum  rating  the  maximum  safe  temperature  rise 
may  be  used. 

After  all  is  said,  the  demand  for  low  temperature  guarantees 
usually  has  back  of  it  a  skepticism  as  to  the  real  safety  of  the 
limiting  temperature  claimed  for  the  insulating  materials. 
Operating  engineers  may  safely  leave  this  question  with  the  de- 
signers.  In  this  particular  field  of  design,  assumed  limits  are 
being  continually  exceeded  and  extended.  New  designs  are,  from 
necessity,  based  on  an  experimental  study  of  materials  and  on 
an  analysis  of  constructions  and  of  complex  phenomena  involved 
in  the  operation  of  the  generator  to  a  greater  extent  than  on 
direct  experience  with  similar  machines.  On  no  other  basis 
could  sizes  of  high-speed  units  have  been  increased  in  single 
steps  from  10,000  kv-a.  to  20,000  kv-a.  or  from  35,000  kv-a.  to 
50,000  kv-a.  Under  these  conditions,  the  guarantees  made  in 
the  contract  are  really  of  secondary  importance  as  compared 
with  the  ability  and  experience  of  the  designers.  The  situation 
is  quite  different  from  that  existing  with  smaller  medium-speed 
machines  where  the  temperature  and  other  guarantees  are,  in 
many  cases,  the  operators 's  principal  safeguard.  With  these 
large  turbine  units,  each    one  representing  an  investment  of 
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Discussion  ON  **Temperature  Distribution  in  Electrical 
Machinery"  (Lamme),  "Rational  Temperature  Guar- 
antees for  Large  A-C.  Generators"  (Newbury),  Chi- 
cago, III.,  November  27,  1916. 

Alexander  Gray:  Mr.  Lamme  has  pointed  out  the  difficulty 
experienced  in  making  and  in  interpreting  temperature  measure- 
ments, and  has  suggested  that  the  expert  designer  can  predict 
hot-spot  temperatures  more  closely  than  they  can  be  measured. 
Mr.  Newbury  in  addition  has  pointed  out  the  absurdity  of  the 
low  temperature  guarantee  sometimes  demanded  on  large  gener- 
ators, with  the  idea  that  a  large  overload  capacity  may  thereby 
be  obtained,  when  such  overload  capacity  is  not  available  be- 
cause of  some  limitation  other  than  heating. 

Most  engineers  are  now  satisfied  that  150  deg.  cent,  is  a  safe 
operating  temperature  for  mica  insulation  and  Mr.  Newbury, 
in  support  of  a  plea  that  designers  and  manufacturers  of  large 
machines  be  not  restricted  to  lower  temperatures,  brings  out  the 
following  points : 

(a)  The  higher  the  pennissible  temperature  the  smaller  the 
machine  for  a  given  output  and  the  safer  it  is  mechanically. 

(b)  Generators  completely  insulated  with  mica  have  seldom 
failed  on  account  of  insulation  breakdown  due  to  emergency 
overloads. 

(c)  The  limiting  load  is  generally  fixed  by  turbine  capacity, 
by  ability  to  maintain  voltage,  or  by  some  cause  other  than 
heating. 

(d)  The  overload  margin  provided  by  a  low  stator  tempera- 
ture is  not  available  because  of  rotor  heating  and  because  the 
exciting  voltage  is  limited. 

(e)  The  customer  should  secure  the  desired  margin  of  capac- 
ity b\'  making  the  desired  maximum  rating  and  the  contract 
rating,  one  and  the  same  thing. 

(f)  With  large  turbine  units  rc]jresenting  an  investment  of 
several  hundred  thousand  dollars  the  designer  will  not  take 
chances. 

These  statements  are  not  all  free  from  criticism.  It  is  true  that 
tlie  use  of  high  temperatures  has  allowed  the  use  of  smaller  and 
safer  machines  for  a  given  output,  but  it  has  also  allowed  the 
original  machine  to  Ijc  rated  up  without  any  increase  in  safety. 
Furthermore,  it  does  not  seem  reasonable  that  exciting  voltage 
should  necessarily  be  a  limitation  in  such  machines.  The  point 
of  the  whole  matter  is  rather  that  the  designers  are  willing  to  bet 
several  hundred  thousand  dollars  of  the  manufacturers  money 
that  150  deg.  cent,  is  a  safe  temperature  for  large  generators 
properly  insulated,  Init  the  operating  engineers  are  still  doubtful. 

Just  as  the  older  generation  of  steam  engineers  had  to  be 
weaned  away  from  the  reciprocating  engine,  so  the  electrical 
engineer,  accustomed  to  assoeiate  low  temijerature  with  safety, 
will  have  to  be  educated  to  the  use  of  higher  temperatures. 
The  operating  engineer  feels  that  there  is  an  essential  di (Terence 
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tion  of  temperatures  is  the  eddy  currents.  Hence,  it  is  of  ^reat 
importance  for  the  designer  to  have  methods  of  predetermining 
eddy  currents  in  much  the  same  manner  as  he  predetermines  the 
strength  of  the  metals  used  in  the  mechanical  parts  of  the 
machine  by  measurements  in  the  mechanical  laboratory.  Static 
impedance  methods  have  been  developed  for  the  measurement  of 
eddy  currents  that  are  found  in  practise  to  be  quite  reliable. 
Hence,  it  is  inexcusable  for  the  modern  designer  to  make  a  serious 
blunder  in  the  ordinary  electric  machine.  This  statement  does 
not  apply  to  radically  new  machines  or  those  where  great  risks 
in  eddv  currents  must  be  taken  bv  reason  of  the  extreme  difficultv 

^  w^  ^ 

of  obtaining  a  safe  mechanical  structure. 

In  connection  with  the  diagram  shown  by  Air.  Lamme  to 
illustrate  temperature  drop  through  the  various  media  that  are 
interposed  between  the  copper  of  the  winding  and  external 
circulating  air,  it  is  interesting  to  note  that  the  allowances  over 
and  above  determined  temperatures  for  the  "hot  spot"  as  now 
standardized  in  the  A.  I.  E.  E.  are  quite  wide  of  the  mark.  If 
through  any  media  we  have  a  temperature  drop  of  20  deg.  cent, 
at  a  certain  heat  flow,  it  is  obvious  that  with  double  the  heat 
flow  the  drop  will  be  doubled.  Let  us  assume  that  any  measuring 
device — like  a  thcrmocou]jle  or  temperature  coil — will  be  a  few 
degees  removed  from  the  hot  spot.  If  with  a  certain  heat  flow 
it  is  5  deg.  removed,  with  double  flow  it  will  be  10  deg.  removed. 
Consequently,  when  the  load  is  so  adjusted  that  the  temperature 
rise  as  measured  b\'  this  dev^ice  is  100  deg.  above  room  tempera- 
ture, the  allowance  over  and  above  for  the  hot  spot  should  be 
twice  what  it  is  when  the  indication  is  oO  deg.  cent,  rise  above 
room. 

Referring  to  Air.  Newbury's  plea  for  the  u.se  of  higher  tem- 
peratures in  contracts  in  mica  insulated  windings  and  his  dis- 
cussion of  the  safe  temperature  of  ditTerent  materials,  I  question 
whether  the  line  of  demarcation  between  safe  and  unsafe  can  be 
absolutely  drawn  for  any  insulation  that  is  built  uj)  and  more  or 
less  composite  in  its  nature,  as  is  i^ractically  all  insulation  on  the 
windings  of  electric  machines.  With  more  margin  of  safety, 
longer  life  will  result.  This  fact,  more  than  the  expectation  of 
possible  overloads,  is  undoubtedly  responsible  for  some  operating 
conijjanies  specifying  the  (iO  deg.  rise,  and  at  the  same  time  asking 
for  a  guarantee  of  a  safe  operating  temijerature  which  is  higher 
than  they  ever  expect  to  oljtain.  Often  the  insistence  upon 
temperature  rise  in  tlie  stator  not  exceeding  (30  i\^'^.  when  85  deg. 
or  100  deg.  is  permitted  in  the  rotor,  results  in  a  machine  of  higher 
elKiciency.  as  the  reduced  copjjer  Iossl\s  more  than  offset  the 
increased  iron  losses  in  the  deeper  teetli.  It  should  be  remem- 
bered that  higher  temperatures  exist  in  the  rotor  than  in  the 
stator  from  the  nature  of  the  machine.  In  the  largest  and  highest 
speed  turbo-generators  there  is  a  limit  to  the  si.)ace  that  can  be 
given  up  to  the  copper  and  to  the  weight  that  can  be  carried, 
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In  connettion  with  Mr.  Newbury's  jjajjer,  I  am  inclined  to 
think  that  IhL-re  is  some  danser  of  the  impression  becoming 
established  that  no  electric  machine  is  safe  that  does  not  have 
high  temperature  insulation.  I  think  this  will  be  just  as  unfor- 
tunate as  to  have  the  impression  abroad  that  the  rotor  parts  of  a 
small  low-speed  enKine-dri\'en  dynamo  should  be  constructed 
of  the  strongest  material,  such  as  nickel  steel  or  just  the  same  as 
used  ill  the  largest  and  hi};  best -speed  steam -ttirbine-d  riven 
dynamo.  It  is  a  well  known  fad  that  the  lower  temperature 
insulations  known  as  "Class  A"  in  the  A.  I.  E.  E.  Standardiza- 
tion Rules  are  superior  in  certain  characteristics  to  the  high 
temperature  known  as  "Class  B."  Therefore,  such  insulation 
should  be  used  where  the  conditions  of  service  are  such  as  to 
produce  low  temperature.s  under  all  conditions  of  operation. 

C.  J.  Fechheimer:  Since  the  time  that  so-called  temperature 
detecting  devices  (including  resistance  coils  and  thermocouples) 
have  been  emijloyed  for  the  purpose  of  determininj;  the  maximum 
temperature  of  the  stator  windings  in  large  a-c.  dynamo  electric 
machinery,  the  purchasing  pulilic  has  been  to  a  large  extent  of 
the  opinion  that  such  devices  were  the  means  of  determining 
with  considerable  accuracy  the  temperature  of  the  hot  spot  in 
the  stator.  Especially  have  they  been  of  this  opinion  when  the 
temperature  measuring  device  was  placed  between  the  ujtper  and 
lower  coils,  when  the  usual  lap  or  wave  windings  were  employed. 
Out  knowledge  of  the  subject  of  temperature  measurement  is 
now  slightly  greater  than  it  was  at  the  time  the  hot-spot  question 
was  under  considerable  discussion,  and  we  now  know  that  unless 
all  the  facts  pertaining  to  the  case  in  question  are  known,  the 
temperature  detecting  device  may  give  indications  which  are 
considerably  in  error.  Mr.  Lamme  has  pointed  out  certain 
sources  of  error,  and  we  wish  to  call  attention  to  a  number  of 
others. 

If  the  device  is  jilaccd  between  the  coil  and  the  iron  as,  for 
example,  at  the  bottom  of  the  slot,  the  reading  will  be  nearly  an 
indication  of  the  iron  temperature  and  does  not  allow  at  all  for 
the  thermal  drop  from  the  co]>pcr  to  the  iron.  Therefore,  the 
correction  given  in  the  Institute  Rules  for  devices  placed  in  this 
manner  is,  in  our  opinion,  worse  than  an  estimate  or  approxima- 
tion. Even  though  such  temperature  indicating  device  at  the 
bottom  of  the  slot,  jilus  a  correction,  were  near  the  copper  tem- 
perature for  that  particular  part  of  the  coil,  it  might  be  far  from 
registering  the  temperature  of  the  copper  in  part  or  in  the  whole 
of  the  ui)per  coil  (or  upper  ])art  of  the  one  cnil,  if  there  he  but 
one  per  slot)  as  indicated  ^;o  well  in    Mr.  .Newbury's  pa]>er  of 
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average  of  the  temperatures  of  the  lower  part  of  the  upper  coil 
and  the  upper  part  of  the  lower  coil.  This  is  borne  out  pretty 
well  in  Mr.  Newbury's  paper  referred  to  ab<5ve.  For  example, 
at  1000  amperes,  the  temperature  between  core  and  bottom  bar 
is  found  to  be  92  deg.,  between  bars  170  deg.,  whereas  the  bottom 
bar  was  found  to  be  at  140  deg.,  and  the  top  at  210  deg. 

When  heat  flows  conductively,  a  certain  amount  of  time  is 
required  for  the  transfer  of  heat  from  one  place  to  another; 
therefore  a  certain  amount  of  time  is  required  for  the  temperature 
device  to  assume  the  same  temperature  as  that  of  the  copper  in 
the  coil  when  insulation  is  interposed  between  the  copper  and  the 
temperature  device.  Hence,  when  the  temperature  device  is 
placed  between  the  upper  and  lower  coils,  and  the  machine  has 
not  reached  constant  temperature,  the  temj^erature  device 
reading  must  lag  behind  the  true  temperatuire  of  the  copper. 
Especially  for  short-time  overloads,  will  the  temperature  indica- 
tion of  the  device  placed  between  upper  and  lower  coils  be  liable 
to  considerable  error.  It  is  also  probable  that  resistance  coils 
would  be  slightly  more  in  error  than  thermocouples  owing  to 
the  fact  that  it  would  require  slightly  more  time  for  the  entire 
resistance  coil  to  assume  the  temperature  of  the  surroimding 
medium  than  it  would  for  the  thermocouple. 

It  is  also  probable  that  with  a  spacer  placed  between  the  upper 
and  lower  coils,  the  indication  of  the  temperature  device  would 
be  slightly  more  in  error  than  were  such  spacer  omitted,  owing 
to  the  fact  that  heat  in  that  case,  will  flow  from  between  coils 
to  the  laminations,  thus  tending  to  produce  the  same  effect  as 
pointed  out  by  Mr.  Lamme  under.  "Errors  in  Temperature 
Measurement." 

We  are  calling  attention  to  these  errors  in  measurement,  as 
enumerated  above,  for  the  purpose  of  indicating  the  futility  of 
the  customer  relying  upon  the  indications  as  recorded  by  such 
devices,  and  furthermore  ui)on  relying  to  any  great  extent  upon 
the  temperature  guarantees  embodied  in  the  contract.  We  are 
familiar  with  other  errors  in  measurement  which  we  have  not 
mentioned,  but  we  believe  tliat  those  cited  should  be  sufficient  to 
prove  our  point. 

Referring  now  more  speciflcally  to  Mr.  Lamme's  paper,  it  is 
interesting  to  note  that  whereas  heat  and  electrical  insulators 
o1)cy  the  same  general  laws  insofar  as  a  comparison  of  insulating 
and  conducting  materials  is  concerned,  the  laws  no  longer  hold 
in  all  cases  for  insulating  materials  otiIn'.  F'or  example,  air  is  one 
of  the  best  heat  insulating  materials  known  and  yet  it  is  by  no 
means  the  best  electrical  insulator.  Mica  will  withstand  several 
times  the  dielectric  stress  that  air  will,  hut  air  is  a  considerably 
better  insulator  for  heat  than  is  mica. 

V.  M.  Montsinger  vSince  electrical  apparatus  of  today  is 
being  rated  at  its  maximum  capacit\'.  the  question  of  tempera- 
ture distribution  has  become  a  very  im]:)ortant  factor  not  only 
in  rotating  but  also  in  stationary  machinery.    As  an  addition 


i08  Tli.MPERATl'RE   DISTRIBVTIOy  |Nf>v.SM 

to  these  two  papers  which  consider,  primarily,  motors,  generators, 
turbines,  etc..  I  should  like  to  say  a  few  words,  in  regard  to  the 
conditions  existing  in  stationary  apparatus,  that  is.  in  trans- 
formers. 

It  is,  of  course,  recognized  that  from  a  thermal  standpoint 
the  conditions  existing  in  transfonners  arc  not  as  complicated 
as  in  rotating  machinery,  for  the  reason  that  the  copper  windings 
and  iron  core  arc  not  in  such  intimate  relations  with  each  other, 
that  is.  there  is  practically  no  transverse  flow  of  heat  between 
them,  as  we  have  in  moving  machinery.  For  this  reason  we  are 
able  to  calculate  more  accurately  the  internal  temperatures  of 
transformers.  However  simple  it  appears  to  be,  it  really  is  not 
so  simple  and  the  fact  remains  that  the  maximum  temperature 
may  in  some  cases  be  considerably  higher  than  the  average 
temperature  as  observed  by  change  in  resistance.  In  making 
guarantees  by  average  temperature,  certain  corrections  or  addi- 
tions are  made  for  hot  spots.  Although  this  is  an  advancement 
over  the  old  method  of  not  recognizing  that  there  were  any  hot 
spots,  the  present  method  must  still  be  recognized  as  an  approxi- 
mation. 

Some  of  the  reasons  why  the  present  method  of  allowing  a 
standard  correction  to  take  care  of  the  maximum  temperature 
is  not  an  exact  method  of  gettinj,'  at  the  real  conditions,  are  as 
follows : 

1.  It  is  impowiible  to  observe  the  average  temperature  at  the 
instant  of  shutdown,  consequently  there  is  always  a  cooling  off 
of  the  windings  between  the  time  of  shutdown  and  the  time  of 
observing  the  resistance.  A  correction,  therefore,  has  to  be  made 
and  it  is  not  a'ways  jjossible  to  be  absolutely  accurate  in  making 
this  correction.  It  may  be  stated,  by  way  of  parenthesis,  that  a 
careful  study  of  this  question  has  been  made  and  the  writer 
hopes,  in  the  near  future,  to  present  the  results  of  this  before  the 
Institute, 

2.  No  two  transformers  unless  of  the  same  design  have  the 
same  difi'erencc  between  their  maximum  and  minimum  tempera- 
tures. For  example,  if  the  coils  are  in  a  vertical  position  the 
upper  portion  is  necessarily  operating  at  a  higher  temperature 
than  is  the  lower  portion.  The  same  is  true  if  the  coils  are  in  a 
horizontal  position,  except  that  here  the  temperature  of  the  top 
coil  is  higher  than  is  the  temperature  of  the  bottom  coil.  This 
difference  between  maximum  and  minimum  becomes  more 
marked  as  the  height  of  coii  or  coil  stack  increases. 

3.  Transformer  coils  necessarily  have  to  be  braced  for  mechan- 
ical reasons  and  in  doing  this  a  certain  portion  of  the  coil  sur- 
face is  covered.  By  properly  arranging  this  bracing,  however, 
the  effect  of  overheating  due  lo  this  may  niit  be  objectionable 
for  ordinary  normal  load  operation. 

Considering  then  the  many  types  or  different  designs  of  trans- 
formers, each  of  which  has  a  different  temperature  gradient,  it 
seems  that  there  is  room   for  improvement  over  the  present 
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Mr.  Newbury  advocates  that  temperature  guarantees,  for  ro- 
tating machinery,  be  based  upon  a  safe  maximum  temperature, 
as  determined  by  thermocouples  rather  than  upon  a  certain 
temperature  rise  observed  by  thermometers.  It  seems  that  the 
position  he  has  taken  is  a  most  logical  one  and  should  be  applied 
wherever  possible  to  all  types  of  electrical  machinery. 

For  oil-immersed  transfonners,  thermometers  cannot  be  em- 
ployed for  exploring  the  temperature  of  the  coils.  For  this 
reason  guarantees  are  now  based  upon  average  temperatures. 
While  the  difference  between  the  av^erage  temperature  and  the 
maximum  tcmi)erature  of  an  oil-immersed  transformer  may  not 
be  as  great  as  the  difference  between  the  highest  observable 
temperature  by  thermometer,  and  the  hottest -spot  temperature 
observed  by  thermocouple  in  moving  machinery,  yet  it  seems 
that  the  problems  of  the  two  types  of  machinery  are  somewhat 
analogous.  Unfortunately  the  thermocouple  is  not  as  suitable 
for  transformers  as  for  generators,  etc.,  because  of  the  potential 
danger  and  in  order  to  have  a  satisfactory  temperature  indicator 
for  transformers  it  will  be  necessary  to  use  some  other  scheme. 
Assuming  that  we  had  a  satisfactory  temperature  indicator  for 
transformers,  it  would  be  interesting  to  know  how  operating 
engineers  feel  about  the  practical  side  of  observing  the  temper- 
ature by  an  indicator  as  compared  with  the  present  method  of 
observing  the  maximum  oil  temperature  by  either  indicating  or 
alarm  thermometers  immersed  in  oil. 

P.  Junkersfeld:  Some  local  experiences  had  a  little  to 
do  with  stirring  up  this  subject  about  ten  or  eleven 
years  ago.  I  refer  to  the  first  few  years  in  which  we  operated 
turl)ine-d riven  generators.  Previous  to  that  the  engine-driven 
generators  did  not  fjresent  any  great  difficulties  because  the  sur- 
faces were  large,  but  with  the  turbine-driven  generators  a  con- 
siderable amount  of  heal  had  to  be  dissipated  in  a  small  space. 
That  brought  up  a  good  many  new  problems  at  once,  and  pav- 
licularly  the  problems  of  insulation  and  v^entilation. 

1  think  it  was  early  in  1907,  or  nearly  ten  years  ago,  when  we 
were  fairh'  certain  that  these  generators  were  running  much 
hotter  than  we  originally  expected,  when  one  of  tliem  sud- 
(lenl\-  bu  nt  out  on  a  test.  That  alternator  was  de- 
signed for  a  nominal  load  of  8000  kw.  and  12,000-kw.  overload 
for  two  liours.  It  had  Ijeen  running  at  normal  rating  and  tlien 
increased  rapidh'  from  8000  kw.  to  a  load  of  12.000  kw.  It  had 
only  been  ruiniing  at  12,000  kw.  for  less  than  an  hour  when  it 
burned  out  with  the  thermometer  on  the  end  windings  showing 
a  total  reading  of  onl\'  8o  degrees.  That  showed,  of  course,  at 
once  that  there  must  have  been  som*  parts  of  that  machine  a 
good  deal  hotter  than  85  degrees.  It  was  suggested  that  pos- 
sibly some  scheme  of  exploring  coils  would  be  advisable.  When 
that  machine  was  rewound,  exploring  coils  were  put  into  that 
machine.  It  took  only  a  very  few  months  of  ex|)erience  to  prove 
quite  conclusively  that  the  preceding  pracfise  of  building  and 
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designing  turbo-generators  involved  at  least  two  fallacies:  First 
that  there  was  a  very  great  difference  between  the  temperature 
as  recorded  by  the  thermometer  and  by  the  exploring  coil; 
second,  that  the  windings  reached  a  constant  temperature  when 
operated  at  12,000  kw.  in  about  fifty  minutes. 

That  demonstrated  the  fallacy  of  rating  generators  of 
that  kind  on  a  two-hour  overload.  In  other  words,  the  experi- 
ence indicated  that  such  a  machine  gets  about  as  hot  as  it  will 
ever  get  at  the  end  of  an  hour.  This  finally  resulted  in  rating 
such  turbo-generators  on  a  maximum  continuous  basis  without 
an  overload  in  addition. 

P.  M.  Lincoln:  Mr.  Lamme  starts  his  paper  by  stating  that 
it  is  rather  surprising  that  we  had  not  gathered  more  informa- 
tion concerning  the  laws  of  temperature  distribution  and  heat 
dissipation. 

This  after  all  is  not  so  surprising,  when  we  come  to  consider 
the  difficulty  of  dealing  with  heat  measurements.  We  have  no 
heat  ammeter  or  heat  voltmeter  or  heat  wattmeter,  and  thus  it 
is  exceedingly  difficult  to  get  the  data  on  the  amount  of  heat 
flowing,  and  the  differences  in  thermal  voltage,  if  we  may  call  it 
so,  that  is,  differences  in  temperature  which  cause  heat  flow.  It 
is  the  inherent  difficulty  in  securing  these  measurements  that  is, 
to  a  large  extent,  responsible  for  our  lack  of  information  upon 
this  subject;  I  can  testify,  from  my  own  study,  that  there  is  a 
very  decided  lack  of  information  u|)on  this  general  question  of 

1 "i.  a 
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we  have  had  with  them,  I  see  no  reason  why  we  should  not  go 
higher  than  150  deg.  cent.  Just  how  much  higher,  is  the  ques- 
tion. I  have  devoted  a  Uttle  time  to  studying  that  question, 
and  I  think  we  can  say  that  there  is  a  definite  Hmit  beyond  which 
we  cannot  go  in  temperature,  that  definite  limit  depending  to  a 
very  large  extent  upon  the  temperature  coefficient  of  the  thermal 
conductivity  of  the  insulation  employed. 

Let  me  put  it  down  in  figures.  Suppose  we  have  a  coil,  like 
an  armature  coil  in  a  generator,  insulated,  and  we  put  a  certain 
current  through  that  coil ;  it  will  of  course  have  a  certain  amount 
of  watts  produced  in  it  which  I  will  call  Wi.  If  we  call  /  the 
current  in  the  coil,  and  R  its  resistance,  this  wattage  is  equal  to 
P  R,  a  familiar  expression.  We  can  go  further.  The  R  is  de- 
pendent upon  the  temperature  of  the  coil.  If  we  take  Rq  as  the 
resistance  of  the  coil  at  0  deg.  cent.,  its  resistance  at  any  other 
temperature  is  given  by  the  well  known  expression  R  =  Rq  (1  +  at) 
where  /  is  the  temperature  in  degrees  cent.,  and  a  is  the  temper- 
ature coefficient.  Therefore,  the  watts  entering  the  coil  are 
W\  =  P  Rq  {I  +  at).     The  usual  value  assigned  to  a  is  0.004. 

The  watts  that  escape  from  the  coil,  which  I  will  call  W^,  are 
evidently  proportional  to  thermal  drop  and  inversely  proportional 
to  the  thermal  resistance.  If  therefore,  we  call  t  the  temper- 
ature of  the  copper  of  the  coil,  /i  the  temperature  of  the  cooling 
medium   (surrounding  air)   and  e  the  thermal  resistance,    the 

watts  escaping,  W^  become  W,  =  ^ 

Now,  this  quantity  e  also  has  a  temperature  coefficient;  and 
if  we  represent  this  coefficient  by  a',  the  expression  for  IV ,  be- 
comes W,  =  — yz — .  ^  .  ,  where  fo  is   the   thermal  resistance  at 

Co  (1  +  a  t) 

0  (\Qg.  cent. 

Now  Mr.  Lamme  has  enunciated  the  general  principle  in  his 
paper,  that  heat  conductivity  and  electrical  conductivity  have  a 
certain  relation  to  each  other,  that  they  are  roughly  proportional 
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Let  me  put  this  in  graphic  form.  Refer  to  Fig.  1 ,  where  temper- 
ature in  degrees  cent,  is  laid  off  on  the  vertical  axis  and  the  watts 
on  the  horizontal  axis.  The  straight  line  marked  Wi  shows  the 
manner  in  which  the  watts  input  to  our  coil,  will  vary  with 
changing  temperature,  and  the  curve  marked  IV,  will  indicate 
how  the  watts  dissipated  will  vary  under  the  same  conditions. 
In  plotting  this  curve,  the  cooling  air  is  assumed  at  40  deg.  cent. 
It  is  of  course,  obvious  that  the  watts  put  in  and  the  watts 
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upon  this  point,  covering  the  standard  insulations  that  are  used 
in  electrical  machinery. 

W.  C.  Bauer:  There  is  a  very  important  point  in  temperature 
discussion  which  is  very  seldom  brought  up,  and  it  is  this:  Some 
manufacturers  seem  to  fail  to  realize  the  double  function  which  in- 
sulating material  must  perform.  It  is  used,  of  course,  to  limit  the 
flow  of  current  along  the  desired  path  and  to  keep  it  from  short- 
circuiting  along  other  paths.  The  manufacturer  says,  "The 
more  insulation,  the  better  my  machine  becomes."  He  fails  to 
realize  that  the  more  insulation  he  puts  on  the  more  difficult  it 
is  for  heat  to  get  out;  and  there  may  be  a  point  reached  when, 
if  he  puts  on  four  layers  of  insulation,  the  machine  is  not  as  safe 
as  it  would  be  if  he  put  on  only  one  layer.  I  do  not  know  to 
what  extent  research  along  this  line  has  been  carried  out,  but 
what  I  think  should  be  carefully  investigated,  is,  the  safety  of 
the  machine  as  a  function,  not  of  the  thickness  of  the  insulation 
but  as  a  function  of  the  thinness  of  the  insulation. 

N.  J.  Conrad:  The  authors  emphasize  the  idea  that  the 
operating  engineers  usually  measure  temperatures  at  points 
which  operate  at  relatively  low  temperatures  as  compared  to  the 
"hot  spots",  and  also  that  measurements  made  with  exploring 
coils  or  resistance  coils  are  crude  as  compared  to  measurements 
made  with  thermocouples. 

Ten  years  ago,  and  also  later,  we  found  it  quite  difficult  in 
some  cases  to  convince  the  designers  that  the  temperatures  in- 
dicated by  exploring  coils,  were  not  considerably  higher  than 
the  actual  maximum  temperatures  existing  in  turbo-generators. 

The  Commonwealth  Edison  Company  began  the  use  of  ex- 
]jloring  coils  the  early  part  of  1907  by  installing  them  in  an  8000- 
kw.  turbo-generator  while  it  was  being  rewound  after  a  burnout 
which  occurred  during  an  overload  test.  This  generator  had  an 
overload  rating  of  12,000  kw.  for  two  hours.  It  is  interesting  to 
note  that  in  this  case  the  exploring  coils  were  placed  between 
the  two  armature  coils  in  the  slots,  which  is  now  recognized  as 
the  best  location. 

Some  of  the  facts  brought  out  by  this  installation  of  exploring 
coils  were  very  interesting. 

With  a  load  of  10.000  kw..  the  maximum  temperature  rise, 
obtained  by  means  of  an  exploring  coil  between  armature  coils 
in  the  slots,  was  78  dcg.  cent,  while  the  average  rise  of  four  such 
coils  was  73  (leg.  cent.  The  maximum  rise,  as  indicated  by  four 
thermometers  j)laced  at  the  hottest  spots  that  the  thennometers 
could  be  j)laced,  was  56  deg.  cent.,  while  the  average  rise  of  the 
four  thermometers  was  48  deg.  cent.  The  difference  l)etween 
the  maximum  rise  b\'  exploring  coil  and  thermometer  was  22 
deg.  cent. 

At  the  time  that  this  generator  burned  out  while  carrying  a 
load  of  14,000  kw.  the  thermometers  placed  on  the  windings 
indicated  a  temperature  rise  of  58  deg.  cent.  The  highest  load 
tests  run  on  this  generator  after  it  was  rewound  with  the  old 
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type  of  winding  and  with  exploring  coils  installed,  were  at  10,- 
000  kw.,  but  extended  curves  of  temperature  rises  show  that  at 
12,000  kw.  the  temperature  rise  would  have  been  about  94  deg. 
cent. 

A  check  test  was  made  on  these  exploring  coils  in  the  following 
manner.  The  machine  was  run  with  a  load  of  9000  kw.  imtil 
the  temperatures  indicated  by  the  exploring  coils  were  constant. 
The  average  temperature  as  shown  by  10  exploring  coils  was  86 
deg.  cent.  The  load  was  taken  off  and  the  machine  shut  down. 
It  required  three  minutes  to  take  the  load  off  the  machine  and 
18  minutes  more  for  the  machine  to  come  to  rest  after  it  was 
taken  off  the  system.  When  the  machine  came  to  rest  the  aver- 
age temperature,  as  indicated  by  the  exploring  coils,  was  61.5 
deg.  cent.,  while  the  average  temperature,  as  indicated  by  ar- 
mature resistance  measurements  was  63  deg.  cent.  The  de- 
crease in  temperature,  between  the  time  the  load  was  decreased 

3    j-1-  -    i* j-1-  _     1- • J.-     i      or     J I. 
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M.  M.  Flower:  There  is  one  point  I  do  not  think  has  as  yet 
been  brought  out  very  clearly.  Mr.  Newbury  has  brought  out 
clearly  the  limiting  features  of  the  rotor  temperature.  The 
limiting  feature  is  the  exciter  voltage  and  not  the  temperature 
rise.  The  temperature  rise  in  the  rotor  can  never  become  dan- 
gerous, or  in  other  words,  the  exciter  voltage  acts  as  a  safety 
valve,  which  will  always  limit  the  temperature  rise  in  the  rotor. 
This  limitation  does  not  exist  on  the  stator  as  the  operator  can 
keep  on  loading  the  generator  until  the  safe  temperature  limit  of 
the  stator  is  exceeded. 

B.  G.  Lamme:  I  have  made  up  a  sketch  which  brings  out 
much  better  than  any  description,  some  of  the  fundamental 
differences  between  Class  "A"  and  Class  **B**  insulations. 
These  might  be  called  the  time-temperature  curves  for  these 
insulations.  These  must  be  considered  as  approximations  only, 
as,  from  the  very  natiu*e  of  the  materials  themselves,  no  exact 
curves  are  possible.  The  important  featiu*e  to  be  considered  in 
the  curves,  is  the  general  shape  rather  than  any  absolute  values. 
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Fig.  2 

We  have  made  a  great  many  temperature  tests  of  insulations 
to  determine  their  durability;  also  we  have  made  examinations  of 
a  very  large  number  of  windings  which  have  been  in  service  for 
many  years,  but  for  which  we  had  only  approximate  data  as  to 
temperatures.  Obviously  it  is  impracticable  to  carry  on  an  ac- 
curate life  test  covering  a  long  period  of  years,  so  what  we  did  in 
most  of  our  tests,  was  to  carry  the  temperatures  up  to  such 
points  that  destruction  was  either  reached  or  indicated  in  a 
comparatively  limited  period  of  time. 

In  Fig.  2  curve  A  indicates  approximately  the  durability  of 
class  A  insulations  for  various  temperatures.  This  should  be 
recognized  as  being  approximate,  but  it  is  optimistic  rather  than 
pessimistic. 

Curve  B  applies  to  well  built  class  B  insulations,  as  now  fur- 
nished by  some  of  the  electrical  manufacturing  companies. 
Such  insulations  contain  a  large  percentage  of  heat  resisting 
materials  with  a  comparatively  small  per  cent  of  binding  material 
and  the  insulation  is  appHed  so  tightly  that  deterioration  or  de- 
struction of  the  binder  does  not  appreciably  loosen  up  the  true 
insulating  material. 
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Considering  curve  A.  taking  105  deg.  cent,,  as  the  ultimate 
temperature  limit  for  long  life  without  undue  deterioration,  then 
with  a  very  slight  increase  in  temperature,  say  to  1  Ifl  deg.  cent., 
the  life  is  shortened  very  much,  and  at  125  deg.  cent,  such  in- 
sulation is  good  for  only  a  very  few  months  at  the  most.  At 
150  deg.  cent,  it  has  an  exceedingly  short  life. 

Next  considering  curve  B,  our  available  data  indicate  that  for 
over  twelve  months  operation  at  200  deg.  cent.,  the  insulation  is 
in  first  class  shape;  in  fact,  much  better  than  class  A  insulation 
at  1 10  deg,  cent.,  for  the  same  length  of  time.  At  300  deg, 
cent,  for  six  months,  the  insulation  really  shows  better  than  class 
A  insulation  at  115  deg.  cent,  for  the  same  length  of  time,  and, 
at  400  deg.  cent,,  the  class  B  insulation  for  three  months  is 
better  than  class  A  insulation  at  125  deg.  cent,  for  the  same  length 
of  time.  If  we  now  assume  the  continuous  life  for  the  class  B 
insulation  as  150  deg,  cent,,  then  it  is  seen  that  a  33  jjer  cent 
increase  in  temi)erature  for  one  year  is  no  more  harmful  than  a 
5  per  cent  increase  in  temperature  over  the  105  deg.  cent,  for 
class  A  insulations  for  one  year.  Also  a  100  per  cent  increase  in 
temperature  above  its  continuous  hmit  for  six  months  is  com- 
parable with  a  10  per  cent  increase  in  temperature  for  class  A 
in.sulation  for  the  same  period.  For  still  higher  temijcratures 
the  percentage  is  far  more  in  favor  of  class  B, 

What  I  want  to  bring  out  in  particular  by  means  of  this  dia- 
gram, is  that  the  factor  of  safety  for  overloads  is  vastly  greater 
for  class  B  than  for  class  A  insulations,  on  the  basis  of  continu- 
ous life  being  taken  as  150  deg.  cent,  and  105  deg.  cent.,  respec- 
tively. Part  of  this  difference  is  inherently  in  the  characteris- 
tics of  the  materials  themselves,  but  no  doubt  part  of  it  is  due 
lo  the  fact  that  the  arbitrary  LW  deg.  cent,  limit  set  for  properly 
built  class  B  materials  is  considerably  loo  low  in  comparison 
with  105  deg.  cent,  for  class  A.  But,  whatever  the  explanation, 
the  difference  is  there. 

In  regard  to  the  very  high  temperatures  for  class  B  insulations, 
such  as  300  deg.  and  400  deg,  cent,  shown  in  curve  B,  attention 
should  be  called  to  the  fact  that  unless  there  is  an  exceedingly 
high  temperature  drop  through  the  insulation  itself,  any  outside 
supporting  layer  or  wrapper  of  fibrous  materials  is  liable  to  be- 
come unduly  heated  and  may  disintegrate.  Therefore,  while  the 
insulation  proper  might  stand  400  deg,  cent,,  for  instance,  yet  if 
this  was  continued  for  any  considerable  length  of  time,  so  that 
the  outside  sup]>orting  material  became  excessively  heated,  such 
materia!  would  have  to  be  of  something  else  than  the  usual  treated 
tape  or  fibrous  wrappers.  However,  it  so  happens  that  very 
high  temperatures  are  rarely  attained  in  practise,  except  in  the 
case  of  armature  conductors  buried  in  slots.  In  such  case  the 
surrounding  iron  assists  very  materially  in  cooling  the  finishing 
wrapper  on  the  coils,  unless  the  high  temperature  is  maintained 
for  a  very  considerable  period. 

Some  are  inclined  tn  look  askance  at  mica  at  150  deg.  to  200 
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deg.  cent.,  but  it  must  be  remembered  that  in  certain  heating 
apparatus  mica  is  used  up  to  500  deg.  cent,  and,  in  some  cases, 
even  up  to  750  deg.  cent.  Practically  all  micas  will  stand  up 
to  about  600  deg.  cent.,  without  undue  deterioration,  and 
some  grades  will  stand  up  to  1000  deg.  cent.  From  this 
viewpoint,  the  temperature  of  150  deg.  to  200  deg.  cent. 
in  armature  coils  appears  to  be  very  low  and  the  whole 
matter  turns  upon  the  way  such  mica  is  used.  If  the 
percentage  of  mica  in  the  insulation  is  relatively  high  and 
the  mica  is  put  on  so  tightly  that  the  binding  material  can  dis- 
integrate and  loosen  up  and  yet  the  natural  elasticity  or  springi- 
ness of  the  mica  can  hold  the  insulation  tightly  in  place,  then  such 
insulation  can  stand  very  high  temperature  without  injury.  But, 
if  the  mica  is  woimd  or  placed  so  loosely  that  this  disintegration 
of  the  binding  or  supporting  material  allows  the  mica  part  to 
loosen  up  materially,  then  the  insulation  qualities  may  still  be 
very  good  from  the  dielectric  standpoint,  but  may  be  in  such 
poor  shape  mechanically  that  vibration  or  shocks  may  shift  it 
or  displace  it  sufficiently  to  injure  it  as  an  insulator.  The  de- 
fect here  is  a  mechanical  one  and  not  in  the  quality  of  the  material 
itself. 

Mr.  Junkersfeld  has  spoken  of  some  of  his  early  experiences 
with  high  temperature,  and  he  mentioned  that  the  data  which 
he  and  his  associates  obtained  have  had  a  marked  influence  in 
leading  the  manufacturers  toward  better  grades  of  insulation. 
This  is  no  doubt  correct,  but  I  wish  to  call  attention  to  the  fact 
that  the  manufacturers  were  also  following  this  matter  inde- 
pendently of  the  operating  companies,  with  the  same  end  in 
view.  For  instance,  the  company  with  which  I  am  associated, 
insulated  the  1894  Niagara  generators  with  mica.  We  did  not 
know  whether  such  insulation  was  required,  but  we  thought  it 
was  good  material  and  so  put  it  on.  Later  tests  showed  that 
this  was  a  very  fortunate  decision,  and  now,  after  twenty  years 
of  operation,  this  insulation  is  still  in  very  good  shape,  although 
subjected  to  very  much  higher  temperatures  than  originally  con- 
templated, 150  deg.  to  200  deg.  cent,  being  not  uncommon  ac- 
cording to  later  tests.*  Also  in  1898  and  1899  the  large  engine- 
type  Manhattan  Railway  generators  had  mica  insulation,  in  the 
form  of  wrappers,  on  the  armature  coils.  Following  this,  mica 
insulation  was  used  for  quite  a  number  of  years,  mostly  on  large 
high-voltage  alternators.  About  1904  we  built  some  large  capac- 
ity 60-cycle  turbo-generators  on  which  we  used  mica  wrappers 
on  the  armature  coils.  In  service,  one  of  these  machines  was 
injured  from  some  mechanical  cause  and  we  had  to  rewind  it. 
One  of  the  fads  about  this  time  was  special  oiled-linen  tape 
insulation,  and  quite  a  pressure  was  brought  to  bear  upon  us  to 
rewind  this  machine  with  such  oiled  tape.  With  this  insulation 
the  armature  broke  down  in  a  comparatively  short  time  (within 
a  few  months,  if  I*  remember  rightly).     When  the  coils  were 

♦Trans.  A.  I.  E.  E.  1915,  Vol.  XXXIV.,  Part  11,  p.  2747. 
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removed,  the  outside  layer  of  insulation  next  to  the  iron  was 
found  to  be  apparently  in  fair  shape,  but  next  to  the  copper  the 
insulation  showed  indications  of  being  excessively  heated;  in 
fact,  it  was  badh'  carbonized  in  some  places.  We  then  reinsu- 
lated  with  mica  and  the  machine  was  operated  for  many  years 
without  trouble.  Here  was  a  direct  comparison  between  class  A 
and  class  B  insulations.  I  do  not  know  how  hot  those  coils  ran, 
but,  judging  from  the  appearance  of  the  oiled-tape  insulation, 
it  must  have  been  materially  above  125  deg.  cent.  Here  was  a 
fortunate  instance  where  the  machine  was  first  insulated  with 
mica  tape  and  then  afterwards  insulated  with  fibrous  materials, 
so  that  actual  comparison  was  obtained  with  the  two  materials. 
This  was  ten  to  twelve  years  ago,  so  that  it  cannot  be  said  that 
experience  showing  the  relative  merits  of  these  two  types  of  insu- 
lation is  only  of  recent  date. 

In  the  same  way  similar  experience  was  obtained  with  field 
insulation.  Practically  all  our  early  turbo-generator  fields  were 
insulated  with  fibrous  sheet  materials.  Numerous  instances  oc- 
curred where  such  insulations  deteriorated  so  much  that  re- 
winding was  required.  This  led  to  numerous  tests  for  tempera- 
ture. In  some  of  these  earlier  machines  there  was  evidence  of 
practically  imiform  overheating  throughout  the  whole  winding, 
thus  indicating  practically  uniform  temperature.  In  such  cases 
it  was  comparatively  easy  to  approximate  the  iiitimate  temper- 
ature from  readings  of  the  field  currents  and  the  field  volts,  thus 
obtaining  the  increase  in  resistance  and  from  this  the  temperature 
rise.  Such  tests  soon  developed  the  fact  that  temperatures  of 
110  deg.  to  125  deg.  cent,  were  not  uncommon  on  the  earlier 
turbo-fields,  while  with  the  increased  capacities  and  higher 
speeds,  toward  which  we  were  continually  tending,  the  indica- 
tions were  that  still  higher  temperatures  would  be  attained. 
This  led  to  the  development  of  mica  insulation  for  the  field 
windings  of  turbo-generators.  In  190fi  and  1907  a  number  of  the 
earlier  hot  fields  were  rewound  with  mica  and  such  fields  have 
been  operating  up  to  the  present  time,  or  until  discarded  in 
favor  of  larger  units.  The  R'cord  with  these  mica  insulated 
fields  has  been  extremely  good.  In  some  of  the  tests  which  we 
made  on  these  earlier  machines  to  determine  the  suitability  of 
mica  for  field  insulation,  we  carried  one  field  uj)  to  2.')0  deg.  cent, 
for  forty-eight  hours,  and  would  have  continued  the  lest  very 
much  longer,  but  the  conduction  of  heat  from  the  core  through 
the  shaft  to  the  bearings  was  sufficient  to  overheat  them.  How- 
ever, at  the  end  of  this  test  the  insulation  was  found  to  be  in 
absolutely  good  condition.  This  was  a  very  mild  test,  in  view 
of  our  later  investigations  on  mica,  but  at  that  time  it  was  con- 
sidered wonderful.  1  am  simply  bringing  U[>  such  points  to 
indicate  that  mica  has  been  used  quite  extensively  on  turbo- 
generators for  many  years. 

I  was  much  pleased  to  hear  Mr.  Conrad's  remarks  regarding 
the  effects  of  dust  and  dirt  in  limiting  the  ventilation  of  high- 
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speed  machines,  and  in  turbo-generators  in  particular.  Very  few 
people  have  any  conception,  in  the  case  of  turbo-generators,  as 
to  how  much  air  is  put  through  the  machines.  A  modern  turbo- 
generator puts  through  itself  practically  its  own  weight  of  air 
every  forty  to  sixty  minutes.  If  there  is  a  very  small  per  cent 
of  dust  in  this  air  and  it  lodges  in  the  machine,  it  is  obvious  that 
it  will  not  take  long  to  clog  up  the  ventilating  passages.  How- 
ever, dry  dust  appears  to  go  through  the  machine  with  very 
little  deposit.  Apparently  the  velocity  of  the  air  is  sufficient  to 
keep  the  dust  moving.  But,  if  there  is  a  little  free  moisture  in 
the  air,  or  a  little  oil  in  any  form,  then  such  moisture  or  oil 
lodging  on  the  surfaces  of  the  ventilating  passages  will  collect 
dust  and  eventually  interfere  with  the  ventilation.  Such  inter- 
ference appears  in  two  ways — it  covers  the  heat  dissipating  sur- 
faces with  a  poor  heat  conducting  material,  and  it  also  cuts 
down  the  cross  section  of  the  air  path  and  thus  reduces  the 
amount  of  air  which  can  get  through.  In  one  case  of  a  turbo- 
generator which  I  examined,  the  inlet  passage  at  the  air  gap 
appeared  to  be  much  smaller  than  when  the  machine  left  the 
factory.  There  appeared  to  be  a  ridge  of  iron  projecting  inside 
the  iron  laminations.  I  tried  to  cut  it  with  a  knife  and  found  it 
almost  as  hard  as  iron,  but  it  developed  that  it  was  a  mixture 
of  dirt  and  oil  which  had  solidified  at  this  point.  We  had  a 
second  case  of  this  sort  where  a  turbo-rotor  burned  out  after 
about  a  year's  operation.  Upon  dismantling  the  winding  it  was 
discovered  that  the  roasting  was  all  at  one  end  and  that  the 
other  end  was  in  good  condition.  Further  investigations  showed 
that  the  ventilating  passages  at  the  one  end  of  the  machine  were 
almost  completely  clogged  up,  while  at  the  other  end  they  were 
fairly  open.  It  was  then  found  that  a  small  amount  of  oil  had 
leaked  into  the  machine  in  the  form  of  fine  spray  and  this  had 
caused  the  trouble. 

In  modern  machines  this  problem  of  dirt  is  taken  care  of  in 
many  cases  by  air  washers.  The  functions  of  the  washer  is  prin- 
cipally to  remove  dirt,  but  it  does  cool  the  air  a  little,  but  this 
is  of  minor  importance  compared  with  the  other  effect. 

Mr.  Keller  asked  whether  there  is  any  effective  method  of 
measuring  temperature  in  rotating  apparatus  without  shutting 
down.  In  case  of  rotating  fields,  a  pretty  good  idea  can  be  ob- 
tained from  measurements  of  the  field  current  and  voltage  during 
operation,  these  giving  the  increase  in  field  resistance.  This  is 
a  very  good  method  in  those  cases  where  the  temperature  is 
reasonably  uniform  throughout  the  field  winding.  In  turbo- 
generators it  is  apparently  a  fair  approximation.  However,  in 
d-c.  armatures  there  is  no  very  effective  method  of  determining 
temperature  except  by  the  thermometer.  Thermocouples  can- 
not very  well  be  used  on  rotating  apparatus  due  to  the  necessity 
for  moving  contacts  to  make  connection  with  the  external  indi- 
cating apparatus.  After  a  long  series  of  investigations  we  found 
the  results  so  variable  that  we  gave  up  the  method.     Such  tests,  if 
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successfully  carried  out,  would  require  laboratory  refinements 
which  are  not  usually  possible  in  ordinary  comnierical  work. 

F.  D.  Newbury:  Professor  Gray  brought  out  a  number  of 
interesting  points.  I  am  glad  to  know  that  he  agrees  that  the 
maximum  safe  rise  is  the  proi)er  guarantee,  even  though  he 
questions  whether  engineers  in  general  will  accept  it. 

He  stated  that  he  dotibted  whether  the  purchaser  would  buy 
a  high-temperature  generator  if  there  was  the  alternative  of 
purchasing  a  low-temjjerature  machine  at  the  same  price.  That, 
liowever,  is  not  the  question.  The  question  we  are  discussing  is 
much  broader  than  that.  It  is  not  the  individual  case  that 
interests  us.  but  whether  in  the  long  run  the  high-temperature 
machine  is  the  more  economical  machine,  the  machine  that 
should  survive.  If  my  opinion  is  correct,  the  high-temperature 
generator  is  the  more  economical  generator  and  will  be  the 
generator  of  the  future. 

Professor  Gray  also  stated  that  he  did  not  think  the  exciter 
voltage  should  be  a  limit  to  rating.  Such  an  easy  thing  to 
overcome  should  not  be  permitted  to  become  a  limit.  That, 
however,  is  begging  the  question.  While  it  is  an  easy  matter  to 
j)rovide  any  desired  margin  in  exciter  voltage  (although  at  the 
expense  of  increased  exciting  current),  it  is  not  possible  to  provide 
the  heat  dissipating  capacity  in  the  rotor  that  would  be  necessary 
in  order  to  use  the  higher  exciting  voltage.  In  many  stations 
tliere  is  a  common  exciter  bus  maintained  at  a  definite  voltage. 
In  such  cases,  the  exciter  voltage,  directly,  is  a  limit  to  rating. 

Professor  Gra\'  also  spoke  of  the  higher  \'oltage  of  armature 
windings  as  conij^ared  with  windings  on  rotors.  Practically  all 
the  larger  machines,  e\'en  the  l.S,00()-\'olt  machines,  have  only 
one  or  two  turns  in  each  armature  coil,  so  that  tlie  problem  of 
insulating  between  turns  is  not  a  diflicult  one. 

Mr.  Foster  brought  \\\)  a  number  of  interesting  points  in  con- 
nccti(_)n  with  generator  design,  to  some  oi  which  I  must  take 
exce|)tion. 

Mr.  Foster  slated  that  the  use  of  Glass  I^  insulation  was  not 
justified  in  all  cases.  It  is  justified  in  my  {jfjinion  in  all  the  cases 
that   we  are  now  eonsidcring;   that   is,   in   large,   important  ma- 


nn«!  DISCUSSION  at  Chicago  1521 

insulation  subjected  to  150  deg.,  the  margin  of  safety  is  very 
much  greater  than  with  Class  A  insulation  at  105  deg. 

But  this  question  of  safety  at  150  deg.  has  been  discussed 
before  the  Institute  at  a  previous  meeting  and  it  was  quite 
^^enerally  agreed  that  150  degrees  was  safe.  Mr.  Foster  con- 
curred in  this  opinion.* 

Mr.  Foster  correctly  stated  that  mechanical  stresses  limited  the 
amount  of  copper  that  could  be  carried  by  the  rotor,  but  that  no 
such  limitation  existed  in  the  case  of  the  stator.  Consequently, 
according  to  Mr.  Foster's  discussion,  a  very  easy  remedy  for 
high  temperatures  in  the  stator  was  the  use  of  deeper  slots. 
He  also  very  properly  called  attention  to  the  dangers  of  excessive 
eddy-current  losses  in  the  armature  winding  of  these  large  turbo- 
generators. But  to  deepen  the  slots  is  incurring  the  danger  of 
eddy  currents,  and  it  is  very  easy  to  increase  the  loss  by  the 
addition  of  copper  instead  of  decreasing  the  loss.  So  there  is, 
in  my  opinion,  no  remedy  for  high  armature-coil  temperatures 
that  does  not  involve  an  appreciably  larger  generator. 

Professor  Bauer  brought  up  the  interesting  point  that  increas- 
ing the  thickness  of  insulation,  while  it  increases  the  safety  of 
the  machine  by  an  increase  in  dielectric  strength,  decreased  its 
safety  by  increasing  the  temperatures.  It  illustrates  the  point 
that  the  design  of  machines  of  this  class  is  a  series  of  compromises. 
wSafety  in  mechanical  stresses  must  be  balanced  against  safety  in 
temperature;  safety  in  insulation  against  safety  in  temperature, 
and  so  on  through  the  list.  Any  advantage  we  can  gain  through 
tlie  use  of  better  materials  is  an  advantage  in  the  direction  of  a 
more  economical  and  better  machine. 

Mr.  Keller  mentioned  the  advantage  of  a  long  resistance  coil 
as  a  means  of  measuring  temperature,  as  opposed  to  the  short 
thermocouple.  I  might  explain  that  the  thermocouple  is  merely 
a  welded  junction  of  two  metals,  and  as  constructed  is  a  quarter 
of  an  inch  wide,  (G.35  mm.)  and  the  junction  is  practically  aline; 
so  that  it  does,  as  nearly  as  any  device  we  know,  measure  the 
temperature  at  a  particular  point.  The  resistance  coil,  on  the 
other  hand,  has  to  be  fairly  long  in  order  to  obtain  a  sufficiently 
high  resistance  in  the  coil  to  make  it  accurate;  and  if  it  is  to 
measure  temperatures  above  100  deg.,  the  adjacent  turns  must  be 
separated,  so  that  with  the  deterioration  of  the  enamel  or  silk 
insulation  on  the  wire,  the  turns  will  not  short-circuit.  Resist- 
ance coils  may  be  anything  from  six  inches  (15.24  cm.)  up  to  a 
couple  of  feet  in  length,  so  that  the  resistance  coil  indicates  the 
average  temperature  through  that  length.  The  thermocouples 
can  be  ruggedly  insulated  with  mica  so  that  they  will  withstand 
any  temperatures  that  the  coil  insulations  will  withstand.  For 
these  reasons,  I  prefer  the  use  of  the  thermocouple,  but,  after 
all,  the  main  thing  is  that  one  or  the  other  be  used,  and  internal 
temperatures  be  determined. 

^Ir.  Fowler  made  the  point  that  a  higher  temperature  was 

'  *Trans.  a.  I.  E.  E.  1915,  Vol.  XXXIV,  Part  II,  p.  2767. 
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allowable  in  the  rotor  than  in  the  stator,  because  the  available 
exciting  voltage  placed  a  limit  upon  the  current  that  could  be 
circulated  in  the  rotor,  while  no  such  limit  existed  in  the  case  of 
the  armature.  The  armature  current,  however,  cannot  be  in- 
creased beyond  the  corresponding  maximum  available  field  cur- 
rent unless  the  armature  voltage  is  allowed  to  fall.  So  that  the 
same  safety  stop  exists  in  the  case  of  the  armature  as  in  the  field, 
unless  the  generator  voltage  is  allowed  to  decrease  in  case  of 
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RUPTURING  CAPACITIES  OF  OIL   CIRCUIT   BREAKERS 


BY    STEPHEN    Q.    HAYES 


Abstract  of  Paper 

This  paper  is  really  a  series  of  more  or  less  disconnected  notes 
dealing  with  the  question  of  rupturing  capacity  of  oil  breakers. 
It  makes  no  attempt  to  go  into  the  theory  of  circuit-breaker 
design,  and  its  main  object  is  to  open  up  a  discussion  regarding 
the  advisability  of  using  the  term  "Maximum  Safe  Rupturing 
Capacity"  to  describe  the  result  obtained  by  the  root-mean- 
square  of  the  maximum  peak  of  the  current  wave  that  occurs  while 
the  breaker  is  opening,  multiplied  by  the  root-mean-square 
of  the  open-circuit  voltage  that  occurs  immediately  after  the 
breaker  opens.  Attention  is  called  to  the  different  ratings  due 
to  use  of  peak  values  and  root-mean-square  values  of  current 
and  voltage. 

It  is  recommended  that  an  oil  switch  or  an  oil  circuit  breaker 
should  be  given  a  rating  on  the  basis  of  maximum  safe  rupturing 
capacity  that  it  can  handle,  and  that  a  breaker  after  opening  a 
short  circuit  up  to  its  rating,  should  be  immediately  reclosable, 
and  able  to  again  open  up  a  similar  short  circuit;  breaker 
should  open  three  successive  short  circuits  before  contacts  need 
be  repaired  or  oil  replaced;  these  short  circuits  may  be  as  close 
as  two  minutes  apart. 


'  I  'HE  OBJECT  of  this  paper  is  to  suggest  the  proper  basis 
-^  for  the  guarantees  to  be  made  by  manufacturers  of  oil 
circuit  breakers  or  switches  to  enable  the  prospective  user  to 
determine  the  suitability  of  the  breaker  to  the  proposed  ser- 
vice conditions.  This  guarantee  should  be  a  specific  statement 
of  what  the  oil  switch  can  do,  and  should  preferably  be  free 
from  any  assumptions  as  to  reactance  in  circuit,  generator 
characteristics,  use  of  relays  or  similar  features. 

It  is  self  evident  that  oil  circuit  breakers  for  large  power 
systems  must  be  suitable  for  the  service  they  are  to  perform, 
their  current-carrying  parts  must  be  ample,  their  insulation 
good,  and  they  must  be  capable  of  rupturing  any  amount  of 
current  they  may  be  called  upon  to  open.  Such  breakers  should 
not  only  clear  the  circuit,  but  should  be  immediately  reoperative 
without  the  necessity  of  inspection,  adjustment,  or  repair,  al- 
though inspection  is  advisable  at  the  first  suitable  opportunity. 

The  term  "ultimate  rupturing  capacity,"  as  usually  employed 
by  American  switchgear  manufactturers  has  been  applied  in 
such  a  manner  that  it  really  meant  the  maximum  size  of  system 
on  which  a  breaker  could  be  safely  used,  and  evetv  ^\\<Ka.  >asfc^ 
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in  this  manner,  it  was  necessary  to  explain  fully,  the  basis  of 
calculation,  and  the  various  assumptions  that  had  been  made. 
This  method  nf  ratint;.  involves  the  momentary  and  sustained 
short-circuit  characteristic;  of  the  machines,  the  various  re- 
actances in  the  circuits,  the  speed  of  tripping  of  the  Ijreakers. 
and  other  similar  feature.-*. 

It  has  been  standard  practise  to  assume  that  the  breaker  is 
connected  directly  to  the  buses,  and  may  have  to  open  any 
amount  of  current  that  can  be  received  from  that  bus  in  case 
a  short  circuit  of  negligible  impedance  occurs  just  beyond  the 
breaker.  In  most  cases  it  is  the  reactance  of  the  circuit  rather 
than  the  resistance,  that  limits  the  current  flow  at  times  of  short 
circuit,  so  it  is  usual  to  consider  the  reactance  rather  than  the 
impedance  of  the  circuit  in  calculating  current  flows.  For 
cable  systems  or  high-tension  transmission  circuits,  the  capaci- 
tance has  to  be  considered.  All  of  the  generators  and  other 
synchronous  apparatus  connected  to  the  bus,  will  tend  to  feed 
into  the  short  circuit  whatever  current  they  can  deliver  under 
these  conditions,  this  current  as  a  rule,  being  limited  only 
by  the  inherent  reactance  of  the  machines,  and  any  external 
reactance  that  may  exist  between  the  miichincs  and  the  point 
where  the  short  circuit  occurs. 

fJue  to  inertia,  it  is  imijossible  to  have  a  breaker  trip  out 
instantaneously,  consequently  no  breaker  is  ever  called  on  to 
open  the  momentary  short-circuit  ciUTent  that  occurs  during 
the  first  few  cycles,  but  it  has  to  be  strong  enough  mechanically 
to  resist  the  magnetic  stresses  set  up  during  such  a  short 
circuit.  With  a-c.  coils  energising  the  mechanism  direct  from 
the  current  transfoi-mcrs.  large  capacity  breakers  ran  be  made  to 
open  ill  about  0.2  second.  With  the  usual  shunt  trip  relays, 
the  time  of  ')|>eniiig  is  abiiut  l).:i  U>  0,5  secund.  while  wilh  lime- 
liniil  relays,  thi-  n|)eriing  can  be  dela\cd  eilher  fnr  some  delinile 
time,  or  lor  a  timu  that  \aries  inversely  with  tiic  load.  With  a 
non-automalic  lireaker,  the  time  of  iipening  is  left  to  the  dis- 
creliun  of  the  ojiurator.  As  mi.st  generators  reach  the  condition 
of  continuous  sh'»rl -circuit  (Virrent  in  not  over  0.!S  second,  it  is 
hgured  that  a  ilefinite  time  limit  of  two  simnds  or  even  less, 
secured  through  a  relay,  is  eqiii\'alcnt  to  non-automatic  service, 
in  so  far  as  ritiituring  requirements  are  concerned. 

Whether  a  breaker  is  to  be  used  lor  automatic  or  non-automatic 
.service,  it  can  only  o|jen  a  certain  fairly  definite  amount  of  power 
at  the  arc.     This  amount  being  fixed,  it  should  be  noted  that 
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be  determined  by  the  sustained  short-circuit  characteristics  of 
the  generators,  and  other  synchronous  apparatus.  For  auto- 
matic service,  this  same  amount  of  power  could  usually  be 
delivered  by  a  smaller  plant,  as  the  momentary  short-circuit 
current  is  almost  always  higher  than  the  sustained. 

In  order  to  allow  for  certain  of  these  variables  due  to  the 
machine  characteristics,  one  American  manufacturer  gives  ra- 
tings for  his  oil  switches  for  automatic  and  non-automatic  service 
for  two  classes,  A  and  B,  the  latter  being  systems  where  one  or 
more  generators  are  of  the  turbo  type  with  reactances  of  less 
than  8  per  cent  and  the  former  applying  for  all  other  systems. 

This  A  and  B  method  of  rating  based  on  data  published  some 
years  ago  assigned  for  most  of  the  smaller  sizes  of  breakers  about 
25  per  cent  greater  rating  for  the  non- automatic  A  class  than 
the  corresponding  non-automatic  B,  the  automatic  rating  for 
the  A  class  was  usually  about  50  per  cent  of  the  non-automatic 
A  and  the  automatic  B  rating  about  33  per  cent  of  the  non- 
automatic.  On  the  larger  sizes,  however  for  15,000-volt  service, 
one  size  was  rated  70,000-kv-a.  class  A  non-automatic,  56,000- 
kv-a.  class  B  non-automatic,  70,000-kv-a.  class  A  automatic 
and  46,000-kv-a.  class  B  automatic. 

It  would  seem  that  the  automatic  service  would  be  more 
severe  than  the  ncm-automatic  and  the  breaker  may  be  under 
rated  for  non-automatic  or  over  rated   or  automatic. 

The  class  B  service  is  based  on  using  turbo  generators  of 
8  per  cent  reactance  or  less.  Usually  such  machines  have  a 
lower  sustained  short-circuit  rating  than  water-wheel-driven 
units  of  higher  reactance  than  8  per  cent,  so  that  there  would  be 
less  current  for  a  non-automatic  breaker  to  open  in  a  20,000-kv-a. 
1^1  ant  fed  from  turbo  generators,  than  a  similar  plant  fed  from 
water-wheel  generators.  On  this  basis  the  non-automatic  B 
rating  should  be  higher,  not  lower  than  non-automatic  class  A, 

Another  American  manufacturer  explains  the  ratings  assigned 
by  using  a  standard  assumption  of  generators  or  other  syn- 
chronous apparatus,  having  an  average  reactance  of  8  per  cent, 
a  momentary  short-circuit  current  of  12  J  times  normal  falling 
to  half  of  this  amount,  or  6}  times  normal  by  the  time  the  break- 
er opens,  and  a  continued  short  circuit  of  one  quarter,  or  three 
times  normal.  With  this  explanation,  it  is  evident  that  a 
breaker  rated  as  having  10,000-kv-a.  rupturing  capacity  should 
he  capable  of  handling  02, 500  kv-a.  at  the  short  circuit.  This 
same  breaker  for  non-automatic  service  where  the  machines 
are  assumed  as  delivering  three  times  normal,  comV^^/Ocv^'^^^'^^^ 
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be  used  on  a  2{I,000-kv-a.  system,  or  would  have  a  non-automatic 
rating  of  20.000  kv-a. 

This  relative  method  of  rating  automatic  and  non-automatic 
breakers  only  holds  true  for  the  one  set  of  assumptions  made. 
and  will  be  incorrect  when  applied  to  a  system  fed  from  low- 
reactance  machines  having  a  hi^h  momentary  short-circuit  value 
and  a  low  sustained  short-circuit  value.  The  statement  that 
the  automatic  rating;  could  be  multiiilied  by  Uj  to  determine 
the  amount  of  power  the  breaker  could  rupture  j^^ve  some  real 
data  regardinj;  the  rupturing  capacily. 

In  comparinj;  the  nominal  nipturinK  capacities,  the  one  line 
of  breakers  was  usually  given  its  class  A  automatic  rating 
while  the  rating  of  llie  other  line  was  the  instantaneous  over- 
load ralint;  practically  corresponding  to  the  class  B  automatic. 

In  systems  of  large  generating  capacity,  where  current  limit- 
ing reactors  are  used,  or  where  the  reactance  of  transformers 
and  lines  may  limit  the  current  flow  on  short  circdit  to  a  point 
well  within  the  capacity  of  the  system  to  supply  continuously, 
it  will  be  found  that  the  breakers  provided  with  time-limit 
relays,  or  used  for  non-automatic  service,  have  as  severe  rup- 
turing conditions  to  meet  as  those  itsed  for  automatic  service. 

These  methods  of  rating  are  not  directly  applicable  in  all 
cases,  and  are  open  to  many  objections,  and  do  not  readily 
take  into  account  certain  features  that  really  are  vita!  in  deter- 
mining the  adaptability  of  breakers  to  specific  service.  The  rate 
at  which  the  short  circuit  current  of  a  generator  dies  down 
varies  with  its  design,  so  that  the  short-circuit  current  of  a  genera- 
tor may  die  dinvn  from  the  initial  rush  to  the  continuous  short- 
circuit  value  in  a  period  of  time  ranging  from  (1.2  to  0.8  second. 
The  initial  wave  may  be  as  high  .^s  2(1  times  normal,  itnd  the 
continuous  short-circuit  value  mav  be  as  low  as  1 .4  times  normal. 

In  case  of  an  unsvmmetrical  wa\-e.  experience  seems  to  show 
that  the  strain  of  opening  docs  not  dilTcr  appreciably  from  that 
produced  bv  a  synimetrical  one.  A  current  wave  ranging  from 
a  positive  maximum  of  10,00(1  amperes  to  a  negative  one  of 
2(X)0  amperes  can  be  taken  care  of  as  readily  as  one  ranging 
from  plus  COOO  to  minus  0000.  This  may  be  due  to  the  longer 
time  required  fur  the  arc  In  reestablish  itself  in  the  case  of  the 
unsymnietrical  wave  where  the  negative  maximum  is  small. 
By  the  time  the  breaker  actually  oiHjns  the  circuit,  the  amount 
of  assymmetry  has  greatly  diminished  from  that  experienced 
during  the  first  few  cycles. 
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ities  assigned  to  circuit  breakers  are  those  applying  to  three- 
pole  breakers  on  that  service.  The  corresponding  rating  for 
two-pole  breakers  on  a  single-phase  circuit  is  70  to  75  per  cent 
and  the  rating  of  a  four-pole  breaker  on  a  two-phase  circuit  is 
considered  140  to  150  per  cent  of  the  corresponding  three-phase 
rating. 

Under  some  certain  conditions,  smaller  switches  could  be 
used,  for  instance,  in  substations  where  limited  transformer 
capacity  is  installed  between  the  oil  circuit  breaker,  and  the 
line,  or  on  substation  feeders  where  a  breaker  of  higher  capacity 
is  interposed  between  the  breaker  in  question,  and  the  substation 
bus. 

When  considering  switches  for  connection  to  buses  fed  from 
the  generator  units  of  motor-generator  sets,  the  capacity  of 
the  system  supplying  energy  to  the  motor-generator  set,  need 
not  be  considered.  In  such  cases,  the  sum  of  the  rated  capacity 
of  the  generator  units,  on  the  motor  generator  sets  should  come 
within  the  limits  assigned  to  the  breakers. 

The  kv-a.  ratings  usually  assigned  to  breakers  are  based  on 
the  listed  voltage  rating  of  such  breakers,  and  any  change  in 
operating  voltage  from  the  listed  voltage  rating  will  usually 
change  the  kv-a.  rating  in  about  the  same  percentage,  that  is, 
an  increase  or  decrease  in  voltage  of  20  per  cent  would  decrease 
or  increase  the  kv-a.  rating  by  the  same  amount. 

While  this  percentage  rule  is  not  strictly  adhered  to,  a  typical 
example  might  be  noted  of  a  certain  moderate  capacity  breaker 
designed  for  22,000-volt  service  with  a  nominal  rupturing  capac- 
ity, assigned  by  its  builders,  of  10,000  kv-a.  at  22,000  volts, 
12.000  kv-a.  at  16,500,  13.000  at  18.200,  17.000  at  7500and  19.000 
at  4500  volts  or  less. 

On  the  assumption,  more  or  less  justified,  that  the  strength 
of  the  breaker  to|)s,  insulators  and  fittings  have  been  properly 
proportioned  to  the  tank  strength  and  that  the  speed  of  opening 
is  satisfactory  the  rupturing  capacity  of  an  oil  breaker  may  be 
considered  as  a  function  of  the  tank  dimensions. 

When  a  breaker  has  been  installed,  it  should  be  remembered 
that  with  increase  in  ca])acity  of  system,  failure  to  maintain 
breakers  either  as  regards  mechanism  or  insulation,  changes  in 
reactance,  changes  in  method  of  operation  and  defective  relays 
may  so  change  the  duty  on  a  breaker  as  to  lead  to  its  destruction. 

Almost  all  of  the  oil  switches  and  oil  circuit  breakers  now  in 
service,  are  operating  satisfactorily,  but  it  is  realized  that  they 
are  far  from  perfect,  and  it  is  possible  that  some  of  the  commer- 


HAYES:    OIL    CIRCUIT    BREAKERS  [Dt 


i 


cial  breakers  being  sold,  are  over  rated.  By  having  some  defi- 
nite rating  in  kv-a.  to  work  to,  breakers  of  the  smaller  sizes 
could  be  tested  to  see  thai  they  actually  met  their  guarantee. 

In  order  to  simplify  this  question  of  breaker  rating,  it  is  pro- 
posed to  use  "maximum  safe  rupturing  capacity."  or  some 
similar  term  to  describe  the  result  obtained  by  the  root-mean- 
square  of  the  maximum  peak  of  the  current  wave  that  occurs 
while  the  breaker  is  opening,  multiplied  by  the  root-mean- 
square  of  the  open-circuit  voltatfe  that  occurs  immediately 
after  the  breaker  opens. 

All  modern  transmission  systems  employ  generating  apparatus 
giving  eB.sentiai!y  a  sine  wave  for  current  and  voltage,  which 
sine  wave  has  a  ratio  of  [leak  value  to  root -mean-square  value 
of  1.4  to  1.  A  breaker  capable  of  nijituring  lU.OOO  amperes 
maximum  value  at  10.000  volts  maximum  value,  if  rated  on  the 
root -mean -square  basis,  would  be  considered  capable  of  handling 
7 1 00  amperes  at  7 100  volts,  or  would  be  given  a  rating  of  60.000 
kv-a.  If  the  peak  value  of  t!ie  current,  or  10,000  amperes,  is 
used  with  the  root -mean-square  value  of  the  voltage,  or  7100 
volts,  the  rating  would  be  71,000  kv-a.  If  the  peak  value  of  the 
current,  or  10,000  amjjeres,  is  usfd  with  the  ])cak  value  of  the 
voltage,  or  10.000  volts,  the  rating  would  be  100,000  kv-a.  All 
of  these  ratings  would  cover  the  same  duty  to  be  performed, 
but  as  all  jjower  measurements  are  regularly  based  on  the  root- 
niean-square  values  of  current  and  voltage,  this  is  undoubtedly 
the  logical  basis  for  circuit -breaker  rating. 

The  kv-a.  rating  obtained  as  above  is  that  which  this  breaker 
should  be  guaranteed  to  open,  the  breaker  being  immediately 
reoperative,  without  the  necessity  of  replacement  of  oil  or 
iidjuslment  of  contacts.  It  might  be  well  to  fix  this  rating  at 
.such  a  point  that  the  breaker  could  be  guaranteed  to  open  this 
amount  at  least  twice,  and  to  be  immediately  reclosable,  and  in 
condition  to  open  the  same  circuit  kv-a.  the  third  time. 

In  a-c.  railway  work,  and  similar  installations  where  repeated 
siiort  circuits  are  apt  to  occur,  the  breaker  should  be  capable 
of  opening  such  a  short  circuit  at  least  ten  times  within  the  course 
of  an  hour;  such  short  circuits  not  occuring  closer  together 
than  two  minutes  to  allow  time  for  the  gases  that  may  be  formed 
due  to  the  short  circuit  to  be  properly  vented  from  the  breaker 
before  a  second  short  circuit  occurs. 

It  might  be  pointed  out  that  there  is  a  difference  between 
rating  a  circuit  breaker  in  terms  of  the  maximum  kv-a.  which 
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can  open.  On  certain  systems  with  the  machines  of  certain 
characteristics,  heavy  short-circuit  currents  are  usually  accom- 
))anied  by  reduced  voltages  and  this  point  has  to  be  given  care- 
ful consideration.  After  opening  a  very  heavy  short  circuit, 
thus  relieving  the  system,  the  voltage  frequently  has  a  tendency 
to  rise  immediately  to  a  point  somewhat  greater  than  normal, 
and  this  point  should  also  be  considered  in  the  rating  of  the 
breaker ;  in  other  words,  while  a  certain  breaker  might  be  able  to 
open  10,000  amperes  successfully  where  the  circuit  voltage  im- 
mediately after  the  short  circuit  only  went  back  to  normal, 
it  might  not  be  able  to  function  satisfactorily  if  the  open-circuit 
voltage  went  up  to  points  considerably  above  normal. 

It  is  realized  that  it  will  be  extremely  difficult  for  an  engineer 


to  determine  in  advance  exactly  how  heavy  a  short  circuit  it 
is  possible  to  get  at  a  given  point  on  a  transmission  system, 
but  from  the  view  point  of  the  manufacturer,  it  is  simpler  and 
better  for  him  to  make  a  definite  guarantee  as  to  just  what 
service  his  breaker  can  accomplish,  allowing  the  operating  or 
desij^ning  engineer  to  determine  whether  such  a  breaker  will 
meet  the  actual  short-circuit  conditions  that  may  occur  on  any 
point  of  his  system. 

It  is  a  well  known  fact  that  formerly  the  opportunities  of  testing 
the  actual  rupturing  capacities  of  the  largest  capacity  oil  switches 
and  breakers  were  almost  nil  and  that  the  capacities  assigned  were 
really  intelligent  estimates  based  on  the  testing  to  destraction 
of  small  units  and  calculation  as  to  the  increase  in  rupturing 
capacity  secured  by  greater  volume  of  oil,  greater  head  of  oil, 
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increase  in  strength  of  tanks,  extra  volume  of  expansion  chamber 
and  similar  features,  while  this  is  still  true  in  certain  cases  a  large 
amount  of  valuable  data  have  been  collected  in  the  last  few  years. 

Among  the  more  important  tests  on  the  rupturing  capacity 
of  oii  circuit  breakers  may  be  mentioned  those  described  in  the 
papers  presented  in  June  1911  before  the  Annual  Convention  of 
the  A.  I.  E.  E.  in  Chicago,  by  Messrs.  Schweitzer  and  Schuchardt 
and  Mr,  E.  B.  Merriam.  These  were  made  on  a  I2,000-kv-a., 
9000-voU.  25-cycle  turbo  generator  of  the  Commonwealth 
Edison  Co. 

In  February  1910  tests  were  made  ;tl  the  Lonj;  island  City 
power  house  of  the  Pennsylvania  R,  R,  with  two  SoOO-kv-a., 
n,000-volt.  25-cycle  turbo  generators. 

During  1010-1911  tests  were  made  at  the  Cos  Cob  power 
house  of  the  N.  Y.,  N.  H.  and  H.  R,  R.  usinj.;  1  l.OOO-voU  machines 
totalling  Hi.OOU  kv-a. 

In  the  latter  part  of  1911  a  scries  of  tests  under  various  con- 
ditions was  made  at  the  Hydraulic  Power  Co.  plant  at  Niagara 
Falls  where  four  7.500-ltw..  12,000--\-oU  machines  were  short- 
circuited.  These  were  fully  described  by  Mr.  J.  N.  Mahoney  in 
the  Elpftric  Journal  September  ]fil2 

A  recent  test  shown  on  oscillogram,  Fig.  1  was  made  with  a 
total  of  142,020  kv-a.  in  synchronous  apparatus  connected  to 
(iO-cycle  24.5(H)-volt  bus  bars. 

In  this  test  there  were  successfully  interrupted  short  circuits 
having  ;i  |)cak  value  of  950,000  kv-a.  and  root -mean -square 
value  of  47.T,00O  kv-a.  at  the  time  the  contacts  opened,  both 
symmetrical  values  at  24,50(1  volts,  representing  the  largest 
amount  of  power  ever  used  on  such  a  test.  The  unsymmetrical 
\alue  of  the  initial  wave  {)f  the  short  circuit  was  50  i^er  cent 
greater  rciircsciiiing  1,425,000  kv-a.  As  shown  by  the  oscillo- 
gram llic  short  circuit  continued  for  six  cycles  on  a  (10-cycle 
circuit  iH-'lore  the  circuit -breaker  contacts  ]>arted  and  continued 
for  three  cycles  through  the  arc.  This  breaker  uset!  the  same 
oil  and  same  arcing  ti|is  for  all  the  tests.  The  only  external 
elTect  was  :i  small  amoiml  of  oil  forced  out  through  a  defective 
joint  between  the  tanks  iind  frame. 

Other  tests  at  various  voltages  have  been  made  as  the  basis 
of  (ircuit-breaker  ratings,  and  although  these  have  not  been 
|)iihlished  the  manufacturers  guarantees  are  usually  based  on 
real    data    and    ran    be   accepted   by   operators  as   being    fairly 
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RATING  OF  OIL  CIRCUIT  BREAKERS 


BY    E.    M.    HEWLETT 


Abstract  of  Paper 

Paper  points  out  several  difficulties,  which  are  encountered 
in  the  rating  of  actual  circuit  breakers,  but  generally  favors  that 
these  ratings  be  on  the  basis  of  the  current  to  be  opened  in  the 
arc  at  the  operating  voltage  of  the  system. 


THE  VARIABLE  factors  entering  into  the  problem  of  rating 
oil  circuit  breakers  make  its  solution  very  difficult. 

Up  to  certain  capacities  it  has  been  possible  to  determine 
definitely  what  oil  circuit  breakers  will  open.  The  experience 
of  many  years,  during  which  oil  circuit  breakers  grew  from  a  few 
thousand  volts  for  a  few  kilowatts  station  capacity,  to  10,000 
volts,  40,000  volts  and  higher  voltages,  for  many  thousand 
kilowatts  station  capacity,  coupled  with  the  facility  of  testing 
various  designs  under  actual  emergency  conditions,  has  crystal- 
ized  the  requirements  of  circuit  breakers  of  this  kind  and  the 
constructive  features  of  commercial  design. 

However,  the  capacity  of  stations  is  always  growing,  the  forces 
dealt  with  are  ever  increasing,  and  consequently,  new  types  of 
circuit  breakers  must  be  constantly  developed,  ratings  of  which 
cannot  be  based  on  actual  past  service.  To  test  such  circuit 
breakers  systematically  would  be  beyond  the  scope  of  any  test- 
ing units  at  the  disposal  of  any  manufacturing  company  and 
would  require  the  use  of  power  stations  of  enormously  high 
capacity. 

The  possibility  of  utilizing  such  power  stations  for  the  testing 
of  circuit  breakers  is  very  limited,  as  in  order  to  carry  their 
connected  load  the  big  operating  companies  must  generally  have 
constant  and  instantaneous  control  of  all  their  apparatus. 

Thus,  new  designs  of  high-duty  circuit  breakers  must,  for  the. 
present,  be  rated  mainly  upon  judgment  based  on  past  broad 
experience  For  the  engineer,  the  ideal  way  of  rating  circuit 
breakers  is  on  the  basis  of  the  current  which  is  actually  o^^t^^.^ 
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in  the  arc  at  the  operatinj;  voltage  of  the  system,  as  in  the  present 
A.  I.  E.  E.  nilinfT.  {This  current  in  the  arc  is  not  the  peak  value 
of  the  short-circuit  current  curve,  but  is  that  value  which  prevails 
at  the  moment  when  the  circuit  breaker  opens,  at  the  point 
where  it  is  installed,)  However,  in  a  rational  design  of  circuit 
breaker,  other  factors  must  be  considered  besides  current  to  be 
ruptured,  primarily  the  power  factor  at  the  time  of  the  event 
and  the  voltage  regulation  of  the  system.  In  the  smaller  capac- 
ities, these  factors  could  be  disregarded,  as  with  them  it  has 
always  been  possible  to  allow  very  liberal  safety  factors  without 
sacrificing  reasonable  proportions.  We  are  therefore  rating  at 
the  present  time  oil  circuit  breakers  by  arc  current  and  system 
voltage  up  to  certain  capacities.  As  the  capacities  of  the  system 
and  circuit  breakers  increase,  as  spacings  and  clearances  become 
important  design  factors,  and  as  materials  employed  in  the  con- 
struction of  the  circuit  breakers  must  be  used  more  nearly  to 
their  limits,  it  becomes  necessary  to  take  all  conditions  into 
account. 

Oil  circuit  breakers  for  small  stations  and  industrial  ser\-ice 
are  often  used  by  men  who  should  not  be  called  upon  to  figure 
the  current  and  voltage  values,  which  is  necessary  for  selecting 
the  proper  type  circuit  breaker  for  their  service. 

For  these  conditions  the  kilowatt  rating  is  most  convenient, 
i.e.  the  total  generating  capacity  of  the  system,  or  its  equivalent, 
at  the  point  of  disturbance.  Generally  the  kilowatt  rating  is 
hascd  on  the  assumption,  that  the  disturbance  lakes  place  so 
close  to  the  generating  apparatus,  that  reactance  and  resistance 
of  connections  between  generating  apparatus  and  the  place  of 
disturbance  need  not  be  considered.  A  certain  initial  reactance 
of  the  generating  ap];aralus  and  a  certain  diminution  factor  of 
the  current  started  by  the  disturbance,  deiicndent  on  the  time 
required  by  the  circuit  breaker  to  open  the  circuit  after  the  dis- 
turbance has  started,  are  assumed. 

If  the  oil  circuit  breaker  is  located  at  some  other  point  in  the 
system  with  considerable  line  or  transformer  impeilance  between 
the  generating  apjiaralus  and  circuit  breaker,  allowance  must  be 
made  for  the  current-limiting  effect  of  this  additional  imi>edance. 
Instead  of  the  generated  kilowatt  Ciiijacily,  an  equivalent  kilo- 
watt capacity  must  he  used,  which  refers  to  the  actual  location  of 
the  circuit  breaker  in  the  system  and  is  lower  than  generated 
kilowatt  cajiacity,  by  an  amount  dependent  on  the  character- 
istics of  the  intervening  conductors  and  circuits. 
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The  physical  dimensions  of  the  conducting  copper  parts  of  the 
circuit  breaker  should  always  carefully  be  considered.  Conduct- 
ing parts  must  be  of  sufficient  size  to  carry  the  rated  current 
indefinitely  without  objectionable  temperature  rise,  also  be  large 
and  strong  enough  for  the  maximum  current  rushes  between  the 
instant  of  short  circuit  and  the  time  of  opening  of  the  circuit. 

The  use  of  current-limiting  reactors,  or  reactances  in  trans- 
formers and  machines  in  connection  with  systems  is  increasing. 
The  reactor  may  be  in  circuit  permanently  or  only  when  the 
breaker  is  opening.  Various  means  have  been  developed  to  in- 
sert reactors  or  resistance  into  the  circuit  as  the  circuit  breaker 
opens.  While  such  arrangements  reduce  the  current  which  the 
circuit  breaker  opens,  they  cannot  act  quickly  enough  to  reduce 
the  instantaneous  maximum  current  and  the  shock  on  the  system 
which  is  the  real  point  to  be  considered. 

Finally,  one  man  will  require  the  v  ircuit  breaker  to  open  the 
most  severe  short  circuits  without  the  slightest  indication  of  dis- 
tress. Another  man  may  be  well  pleased  if  the  circuit  breaker 
protects  his  more  costly  machinery,  even  if  the  circuit  breaker 
itself  is  destroyed  in  doing  so.  Some  one  else  may  expect  the 
circuit  breaker  to  open  two  or  possibly  three  times  without 
requiring  inspection  or  repair. 

It  is  thus  evident  that  there  is  a  wide  range  of  opinion  as  to 
what  constitutes  satisfactory  operation;  but  as  experience  and 
information  accumulates,  this  situation  will  gradually  improve 
and  we  will  approach  closer  to,  and  it  is  hoped  will  ultimately 
reach,  the  solution  of  the  problem. 

To  sum  up — I  am  in  favor  of  rating  circuit  breakers  on  the 
basis  of  current  in  the  arc  and  operating  voltage  of  the  system. 
The  term  "current  in  the  arc''  implies,  that  in  defining  its  value 
all  factors  have  been  considered,  which  are  necessary  to  deter- 
mine the  actual  work  to  be  performed  at  the  time  when,  and  at 
the  place  where,  the  current  is  interrupted. 

I  am  not  in  favor  of  giving  ratings  to  circuit  breakers,  in  tran- 
sient peak  values  which  do  not  exist  at  the  time  of  opening  the 
circuit 
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Discussion  on  "Rupturing  Capacities  of  Oil  Circuit 
Breakers"  (Hayes),  and  "Rating  of  Oil  Circuit 
Breakers"  (Hewlett),  Boston,  Mass.,  Decembers,  1916. 

Chester  Lkhtenberg:  The  standardization  of  the  rating  of 
the  interrupting  capacity  of  an  oil  circuit  breaker  is  fast  becoming 
an  economic  necessity.  Manufacturing  companies  have  a  wide 
variety  of  product  to  offer  but  operating  companies  have  diffi- 
culty in  choosing  suitable  devices  therefrom,  because  the  duty 
■which  they  will  perform  is  not  published  in  standard  form. 
Consequently,  the  rating  suggestions  made  by  Messrs,  Hayes 
and  Hewlett  are  timely  and  should  encourage  engineers  to  sub- 
mit their  ideas  on  this  important  topic  in  order  that  their  knowl- 
edge may  be  utilized  in  arriving  at  suitable  standards. 

It  seems  desirable  to  rate  circuit  breakers  on  the  basis  of  the 
current  in  the  circuit  during  the  time  the  arc  persists  in  the 
breaker.  There  is,  however,  some  question  regarding  the  value 
of  this  current.  It  is  described  by  Mr.  Hayes  as  "the  maximum 
peak  of  the  current  wave  that  occurs  while  the  breaker  is  open- 
ing." It  is  defined  by  Mr.  Hewlett  as  "that  value  which  prevails 
at  the  moment  when  the  circuit  breaker  opens."  Neither  of 
these  seems  quite  clear  nor  comprehensive  and  in  place  thereof, 
it  is  suggested  that,  "the  average  of  the  r.m.s.  values  of  the 
current  ])eaks  on  the  transient  side  of  tlie  true  zero  line  as 
measured  by  an  oscillograph,  during  the  time  that  the  arc  per- 
sists." be  taken  a.s  the  current  interrupted  by  the  breaker,  when 
interpreting  test  results. 

Another  question  in  considering  the  interrupting  capacity  of  an 
oil  circuit  breaker  is  the  pressure  voltage  of  the  circuit.  Mr.  Hayes 
[)roposes  to  use  "the  r.m.s.  of  the  open-circuit  voltage  that  occurs 
immediately  after  the  breaker  opens."  This  suggestion  has  much 
to  commend  it  but  unfortunately  if  it  is  adopted  it  may  further 
complicate  the  rating,  on  account  of  the  pressure  variations  which 
systems  may  exhibit.  Mr.  Hayes  has  mentioned  some  of  these. 
Besides,  during  ordinary  switching  conditions,  the  circuit  pressure 
may  rise  momentarily  to  about  three  times  normal,  and  under 
unusual  conditions,  it  may  rise  as  high  as  seven  times  normal 
just  after  the  breaker  clears  the  circuit.  It  is  quite  important, 
therefore,  that  if  the  breaker  rating  is  to  be  separated  from  its 
application,  a  value  of  the  pressure  should  be  adopted  which  is 
independent  of  system  characteristics. 

The  calculation  of  the  interrupting  capacity  of  a  breaker 
at  ])rcssures  other  than  those  for  which  tests  are  available, 
l>rcsents  a  difficult  problem.  One  rule  states  that  any 
change  in  the  operating  pressure  from  the  listed  pressure  ratings 
will  usually  change  the  kv-a.  rating  in  about  the  same  percentage. 
An  example  of  this  method  is  given  by  Mr.  Hayes.  The  data 
have  been  rearranged  in  Table  No.  1  and  there  has  been  added 
the  maximum  safe  rupturing  capacity  of  the  breaker  and  the 
interrupting  capacity  of  the  breaker  in  amperes,  both  calculated 
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TABLE  No.  1 


Rated  pressure 

Operating 
pressure 

Nominal 

rupturing 

capacity 

Maximum  safe 

rupturing 

capacity 

Interrupt- 
ing capacity  at 
operating  pressure 

Volts 

Volts 

Kv-a. 

Kv-a. 

Amperes 

22.000 
22.000 
22.000 
22.000 
22.000 

22.000 

16.500 

13.200 

7.500 

4.500 

10.000 
12.000 
13.000 
17.000 
19.000 

62.500 

75.000 

81.250 

106.000 

118.750 

1,700 
2.600 
3.600 
8.200 
15.000 

An  examination  of  the  last  column  of  this  table  indicates  that, 
while  current  ratings  at  13,200  volts  and  above  are  logical,  those 
at  7500  volts  and  4500  volts  seem  too  high.  Here  it  is  obvious 
that  the  formula  only  holds  to  about  50  per  cent  of  the  maxi- 
mum pressure  listed.  Consequently,  in  adopting  rating  stand- 
ards, it  will  be  necessary  to  consider  the  limitations  through 
which  the  formulas  will  apply. 

In  considering  the  interrupting  capacity  of  an  oil  circuit 
breaker,  it  is  necessary  to  remember  the  duty  to  be  performed 
by  the  device.  It  is  called  upon  to  open  an  electrical  circuit 
which  at  any  given  instant  has  a  definite  amount  of  energy 
stored  in  the  medium  surrounding  it.  The  process  of  opening 
the  circuit  causes  a  change  in  the  energy  storage.  Under 
the  usual  a-c.  circuit  conditions,  a  portion  of  the  stored 
energy  must  be  dissipated  when  the  breaker  is  opened,  the  dis- 
sipation taking  place  partly  in  the  breaker  and  partly  in  the  resist- 
ance of  the  electrical  circuit.  Besides,  account  must  be  taken 
of  the  energy  stored  in  the  rotating  parts  of  synchronous  machines 
connected  to  the  circuit,  and  the  energy  supplied  by  the  prime 
movers  during  the  circuit  interruption. 

The  usual  method  of  rating  oil  circuit  breakers,  as  well  as  those 
proposed,  take  into  account  only  the  steady  current  conditions 
of  the  circuit.  They  usually  consider  its  normal  pressure  or 
sometimes  the  pressure  just  after  the  circuit  is  opened,  and  the 
current  flowing  through  the  breaker.  These  factors,  however, 
do  not  completely  account  for  the  energy  to  be  dissipated  by 
the  breaker.  It  is,  therefore,  necessary,  in  addition,  to  consider 
the  condition  of  the  circuit  immediately  preceding  an  attempt  to 
to  open  it  and  the  power  factor  of  the  circuit  during  the  attempt. 
In  other  words,  any  definition  of  the  duty  to  be  performed  by 
an  oil  circuit  breaker  or  the  rating  of  its  interrupting  capac- 
ity should  include  a  statement  of  the  power  factor  on  which 
the  rating  is  based,  the  point  of  the  current  wave  at  which  the 
arc  is  started,  and  other  essential  factors.  The  worst  conditions 
of  power  factor  and  point  of  the  current  wave  at  which  the  arc 
is  started  should  always  be  understood  or  defined. 
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N.  L.  PoUard:  In  my  opinion  confusion  will  be  avoided  if  all 
circuit  breakers  are  given  either  a  kv-a.  or  ampere-volt  rating. 

Mr,  Hewlett  stated  thai  it  might  be  necessary  to  rate  a  certain 
capacity  of  breaker,  used  a  great  deal  in  factories,  in  kilowatts. 
as  this  method  of  rating  would  be  better  understood  by  the 
users.  If  this  is  done,  it  may  simplify  matters  for  a  certain  class 
of  users,  but  it  certainly  will  complicate  them  for  all  others. 
Any  purchaser  knows  the  voltage  of  his  system  and  what  load 
in  amperes  he  expects  to  carry,  therefore  he  should  have  no  diffi- 
culty in  choosing  the  proper  breaker.  In  case  he  is  not  satisfied 
with  his  own  judgment,  he  should  get  in  touch  with  some  engi- 
neer who  is  competent  to  advise  him. 

I  have  known  of  cases  where  the  manufacturer  of  breakers 
was  advised  bj'  the  purchaser  that  his  load  was  such  that  he 
never  would  have  more  than  a  certain  generator  capacity  con- 
nected to  his  lines  at  any  time,  and  the  manufacturer  recommend- 
ed a  breaker  which  in  his  opinion  would  be  adapted  for  the 
service.  Some  time  later  additional  generator  capacity  was  in- 
stalled and  several  of  the  breakers  failed.  Cases  hke  this  will 
always  exist  unless  all  users  of  breakers  become  competent 
en  g  inters - 

In  regard  to  just  what  a  breaker  should  do,  the  question  has 
been  raised  as  to  whether  it  should  rujiture  the  circuit  only  once 
or  several  times,  with  or  without  putting  itself  out  of  commis- 
sion. There  are  not  many  centra!  station  men  who  care  to  see 
their  station  walls  and  floor  splashed  with  oil  or  have  the  switch 
disabled  to  the  extent  that  it  becomes  necessary  to  put  the 
feeder  out  of  service  while  repairs  to  the  switch  are  being  made. 

In  trying  to  analyze  the  proper  rupturing  capacity  of  a  breaker. 
we  come  back  to  the  question  as  to  what  is  meant  by  "distress". 
It  might  be  considered  to  be  in  distress  when  a  small  quantity 
of  oil  is  thrown  out  or  the  contacts  are  slightly  burned.  These 
indications  would  show  that  the  hmit  of  its  capacity  had  about 
been  reached. 

The  capacity  of  the  breaker  should  be  great  enough  to  rup- 
ture the  circuit  at  least  three  times  without  any  appreciable 
quantity  of  oil  being  thrown  out  and  without  any  damage  to  the 
switch.' 

George  A.  Bumham:  The  Standards  Committee  on  Switch- 
ing Equi|)ment  Iiad  hoped  at  this  meeting  to  remove  one  of  the 
ap|)arent  obstacles  in  our  way,  namely,  that  of  determining  a 
satisfactory  method  of  rating  the  rupturing  capacity  of  oil 
switches  and  circuit  breakers. 

From  the  manufacturer's  standpoint,  it  is  evident  that  we  are 
really  getting  closer  to  a  common  basis  or  rating. 

Both  Mr.  Hayes  and  Mr,  Hewlett  are.  evidently,  in  accord  as 
to  the  method  of  rating  circuit  breakers,  and  this  method,  if  I 
interpret  it  correctly,  is  exactly  in  accord  with  the  method  of 
ratine  oil  circuit  breakers  which  1  presented  to  the  Institute  at 
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The  next  important  matter,  it  seems  to  me,  is  to  select  the 
proper  terms  to  express  the  method.  I  do  not,  however,  believe 
that  it  is  for  the  best  interests  of  all  to  include  the  word  **arc*' 
in  the  phrase  which  is  to  express  the  rupturing  capacity  of  the 
switch  or  circuit  breaker,  for  the  reason  that  if  we  speak  of  the 
amperes  at  the  arc  it  may  lead  one  to  believe  that  we  are  talking 
about  the  potential  at  the  arc  as  well.  Neither  do  I  believe 
that  we  should  speak  of  the  voltage  immediately  after  or  during 
the  time  that  circuit  interruption  takes  place.  For  instance, 
suppose  that  we  have  a  circuit  breaker  that  is  to  interrupt  a 
specific  amount  of  current  and  that  the  working  voltage  of  the 
circuit  to  which  it  is  connected  is  15,000  volts.  Assimie  that  at 
the  instant  the  contacts  part  the  voltage  on  the  particular 
branch  of  the  system  which  was  short-circuited  was  caused  to 
drop  to  13,000  volts  at  the  terminal  of  the  circuit  breaker.  Now, 
how  shall  we  rate  the  circuit  breaker  with  reference  to  rupturing 
capacity,  on  13,000  volts  or  on  15,000  volts?  It  is  apparent 
that  there  is  a  possibility  for  a  misunderstanding,  which  I  do  not 
believe  should  exist. 

We  all  realize  that  the  power  factor  as  well  as  unsym- 
metrical  current  wave  form,  surges,  etc.,  affect  the  rupturing 
capacity  of  the  circuit  breaker,  but  I  do  believe  it  would  lead 
to  needless  confusion  in  bringing  all  these  factors  into  considera- 
tion by  attempting  to  express  the  duty  of  the  circuit  breaker 
under  the  average  working  condition. 

It  appears  to  me  that  the  method  of  expressing  rupturing 
capacity  of  a  circuit  breaker  which  is  at  the  present  time  incor- 
porated in  the  Standardization  Rules  is  very  clear  and  definite, 
in  that  it  states  amperes  per  phase  at  normal  working  voltage. 

Mr.  Hayes  has  very  aptly  put  the  question  before  us  when  he 
says  it  is  a  question  of  viewpoint.  We  know  that  at  the  present 
time  we  cannot  say  exactly  what  the  switch  will  do  under  all 
possible  conditions,  but  we  can  say  that  a  circuit  breaker  is 
guaranteed  to  open,  say,  6000  amperes  at  2500  volts,  based  on 
actual  test  experience,  and  be  assured  that  it  will  perform  its 
function  properly  unless  it  is  working  under  very  special  con- 
ditions. 

There  seems  to  be  a  difference  of  opinion  as  to  what  constitutes 
failure  in  an  oil  circuit  breaker.  I,  personally,  believe  that  a 
circuit  breaker  should  be  capable  of  going  back  into  service 
after  it  has  performed  its  function  under  its  guaranteed  limit. 
The  question  as  to  the  number  of  times  is  worthy  of  consideration. 

There  is  no  reason  but  what  more  simple  and  direct  terms  may 
be  used  to  express  what  we  mean  in  reference  to  these  matters, 
and  the  quicker  we  do  away  with  the  frills  the  quicker  and  easier 
will  it  be  for  us  to  get  down  to  a  more  comprehensive  basis,  that 
we  may  all  understand. 

There  is  another  matter  which  is,  perhaps,  trifling,  but  in 
working  out  the  size  of  a  breaker  for  a  given  system  we  usually 
arrive  at  the  amount  of  current  which  the  breaker  is  called  upon 


53R  OIL  ClRCVir  BREAKERS  |Dee.  8 

to  open  under  certain  voltage  conditions,  and  it  would  be  very 
much  easier  to  select  the  switch  by  consulting  a  table  of  the 
amperes  per  phase  at  normal  working  voltage  which  the  various 
circuit  breakers  will  satisfactorily  open,  than  to  attempt  to 
select  it  from  the  ultimate  kv-a.  or  bus-capacity  basis. 

John  L.  Harper:  Our  method  of  deciding  on  an  oil  switch  at 
Niagara  is  to  give  the  company  that  is  used  to  building  thera  a 
statement  of  our  conditions,  or  get  them  to  investigate  for  them- 
selves; and  then  to  install  apparatus,  that,  when  we  put  the  plant 
back  of  it,  will  rupture  properly  under  any  duty  put  upon  it. 

However,  there  seems  to  be  two  classes  of  customers  to  consider 
— those  who  wish  to  get  the  switch  that  will  just  do  the  work  and 
no  more,  and  the  other  class,  who  are  very  desirous  of  getting  a 
breaker  that  will  always  open  and  always  be  ready  to  go  back 
into  service,  regardless  of  its  cost  and  the  possibiHty  of 
having  too  large  an  instrument.  Therefore,  I  would  be  in  favor, 
in  rating  a  circuit  breaker,  of  using — referring  to  the  illustration 
used  by  Mr,  Bumham — 15,000  volts  as  the  maximum  working 
pressure,  and  disregarding  the  lowering  of  the  voltage  at  such 
time  as  the  breaker  may  act,  and  in  this  way  getting  a  breaker 
that  will  be  sufficiently  large  to  open  under  the  very  worst  con- 
ditions, although  possibly  imposing  a  little  upon  the  party  who 
wishes  to  cut  down  the  cost  and  the  size  of  his  breaker.  I  believe 
that  that  class  of  customers  should  be  imposed  upon  by  manufac- 
turers, rather  than  those  who  desire  and  depend  upon  continuous 
and  successful  operation. 

H.  W,  Buck:  There  was  one  point  touched  upon  by  Mr. 
Burnham  that  I  should  hke  to  amplify,  and  that  is  the  question 
of  what  determines  the  successful  operation  of  an  oil  switch. 
I,  myself,  have  seen  oil  switches  operate  under  all  kinds  of  con- 
ditions, and  I  never  have  yet  seen  one  fail  to  open  the  circuit — 
but  they  have  done  so  at  times  at  the  expense  of  their  own  exis- 
tence— and  that  is  the  question.  Does  the  rating  of  an  oil 
switch  mean  that  it  is  going  to  open  the  circuit  successfully  at 
that  rating,  or  does  it  mean  that  it  can  only  open  it  with  result- 
ing destruction  to  itself?  Between  those  two  limits,  there  are 
all  degrees  of  operation. 

An  oil  switch,  to  successfully  operate,  within  its  rating  should 
certainly  be  able  to  open  a  short  circuit  in  such  a  way  that  it 
can  immediately  go  back  into  service.  If  it  is  going  to  open  the 
circuit  and  clear  a  short  on  the  line,  and  at  the  same  time  blow 
up  its  tank  and  throw  oil  all  over  the  station,  that  certainly 
should  not  be  considered  to  come  within  its  rating.  I  think 
that  the  successful  opening  of  a  circuit  should  be  more  clearly 
defined  than  it  is  at  the  present  time. 

John  B,  Taylor:  There  is  at  least  a  tendency  to  come  to 
some  kind  of  an  agreement  on  this  question  of  rating,  since  both 
of  the  authors  want  to  deal  in  current  and  voltage,  though 
there  seems  to  be  unnecessary  confusion  as  t  o  what  particular 
current  is   to  be  taken,  and  what  particular  voltage  is  to  be 
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taken.  The  principal  difference  is  that  Mr.  Hayes  wants 
to  measure  the  voltage,  not  of  the  system  before  the  trouble 
began,  not  of  the  system  at  some  point  while  the  trouble 
is  on,  but  some  final  voltage  which  is  not  at  all  definitely  de- 
fined. I  hope  that  he  will  explain  that  a  little  more  clearly. 
It  is  quite  obvious  from  the  oscillograph  record  exhibited,  that 
there  are  a  great  many  currents  and  a  great  many  voltage  values 
which  may  be  picked  off  of  the  record  between  the  time  that  the 
trouble  begins  and  the  time  that  the  trouble  is  definitely  over. 

My  own  feeling  on  this  question  of  rating  is,  that  there  is  bound 
to  be  a  great  deal  of  difference  of  opinion  and  not  much  headway 
made,  until  the  theory  of  the  switch  is  discussed  and  a  better 
agreement  reached  as  to  how  the  switch  works.  Now,  while 
Mr.  Hayes  disclaims  any  intention  of  discussing  the  theory, 
scattered  through  the  paper  here  and  there,  are  various  obser- 
vations on  how  a  switch  is  designed  and  the  factors  making  one 
switch  more  effective  than  another.  The  reason  why  I  feel  that 
the  theory  of  the  switch  is  essential  to  progress,  not  only 
on  rating,  but  for  developing  switches  for  more  extreme 
service,  comes  from  reviewing  the  discussions  that  have  been 
held  on  this  oil  switch  matter  in  the  Institute  papers  for  the 
last  10  or  15  years.  Two  men  will  think  they  are  discussing  the 
same  point,  when  they  are  not  discussing  the  same  thing  at  all. 
The  design  of  the  switch — the  designers'  working  theory  as  to 
what  factors  make  a  switch  effective — appears  to  be  in  a  very 
hazy  state.  On  the  one  hand,  we  have  men  talking  about  a 
vacuum  close  to  the  point  of  the  arc,  due  to  the  fact  that  a 
solid  body  has  been  drawn  out  of  the  oil  leaving  a  space  which 
the  oil  must  fill;  and  at  the  same  time  the  same  man  will  be 
showing  records  of  pressure  up  to  50  or  100  pounds  to  the 
square  inch. 

As  Mr.  Hewlett  has  pointed  out  in  his  paper,  the  test 
of  switches  under  extreme  duty  is  almost  imi)ossible  today. 
The  exy:)ensc,  the  trouble  and  the  danger  from  interrupting 
the  service  on  large  working  systems  make  the  opportunity 
for  those  tests  so  few  and  far  between,  that  the  l)est  that  anv 
designer  can  expect  to  get  out  of  them  is  a  line  on  the  particular 
switch  that  he  had  there.  If  he  has  an  opportunity  to  make 
several  shcjrt  circuits  he  may  be  able  to  see  which  one  is  the 
better,  but  such  tests  cannot  be  done  day  after  day.  The  minor 
details  of  design,  that  make  the  difference  between  success  and 
failure,  cannot  be  full\-  tried  out.  Of  course,  the  proof  of  the 
pudding  is  in  the  eating,  and  if  a  switch  has  been  jjroduced  that 
does  the  work,  it  may  be  more  or  less  immaterial  whether  the 
details  are  worked  out  to  the  l)est  advantage.  In  view  of  the 
limited  opportunities  for  doing  this  work.  I  feel  strongly  that 
there  is  need  of  <lesi^ners  and  investigators  stating  their  ideas 
of  just  how  a  switeh  behaves  and  what  factors  in  the  design  of  one 
switch  make  it  w(;rk  l)etter  than  another  switch.  After  there  is 
some  semblance  of  an  agreement  on  these   i)oints.    the   question 
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K.  C,  Randal):  Some  years  ago  Iransftimiers  were  built  or 
desij;nfd  hy  comparison,  but  they  are  now.  built  absolutely 
scienlifically.  That  is,  there  is  a  limited  amount  of  iron,  a  limited 
amount  of  copper,  and  a  limited  amount  of  insulation,  which  arc 
necessary  to  the  production  of  a  certain  performance.  There  is 
a  mathematical  calculation  that  takes  care  of  it,  and  that  is 
similarly  true  with  induction  motors,  and  more  or  less  with  other 
machinery.  For  circuit  breakers,  no  such  data  are  known.  Cir- 
cuit breakers  are  still  comparatively  built,  and  they  are  not 
designed  on  a  technical  ba.sis. 

We  know  how  to  build  breakers  that  will  perform  a  certain 
function;  hut  it  is  possible,  even  probable,  that  the  breakers 
that  we  are  buildinf;  today  will  Ix^  much  more  cumbersome, 
heavier,  more  expensive,  than  the  breakers  which  we  will  build 
when  we  know  somethinf;  about  breakers — 1  mean  analytically. 
We  know  that  an  inductive  circuit  is  more  difficult  to  open  than 
a  like  non-inductive  circuit.  But  I  don't  know  that  any  one 
will  volunteer  what  the  difference  is?  Whether  a  power  factor 
of  60  i»er  cent,  50  per  cent  nr  10  jier  cent,  bears  a  definite  re- 
lation to  the  difficulty  of  the  circuit -breaker  problem.  The 
technical  analysis^the  study  -the  real  knowledge  nf  the 
problem — ha-s  not  been  acquired  at  all. 

Specifically,  we  don't  know  whether  a  tank  that  is  4  feet 
(121.it  cm.)  deep,  as  a;,'ainst  one  that  is  2  feet  (60.9  cm.)  deep. 
will  liandlc  twice  as  much  current-  will  interrupt  a  circuit  of 
twice  the  voltage — or  will  handle  twice  the  kv-a. ;  nor  do  we 
know  whether  the  diameter  of  the  tank — holding  the  depth  the 
same — if  doubled,  will  double  the  capacity  of  the  rupturing 
ability.  Now,  if  these  conditions  prevail — and  I  think  those 
who  are  confronted  with  applying  circuit  breakers  and  designing; 
them  and  building  them  agree — then  we  are  not  quite  ready  to 
finally  say  just  what  a  rating  of  a  circuit  breaker  shall  be  in 
terms  of  power  factor,  current  and  voltage. 

It  might  be  well,  then,  to  suggest  that  for  the  time  being  we 
should  stick  to  the  one  question.  For  a  long  time  we  have  gone 
along  with  a  very  hit  or  miss,  perhaps  antagonistic,  lot  of  local 
and  almost  individual  methods  of  rating.  If  we  should  agree 
now  to  rate  breakers  by  the  current,  as  Mr.  Bumham  said^ — ■ 
not  in  the  arc.  but  simply  in  the  circuit;  and  the  voltage  of  the 
circuit,  the  normal,  operating  jjotential — -we  will,  I  believe, 
obtain  a  practical  working  mcthofl  which  will  be  good  for  awhile, 
and  will  give  an  elTective  basis  of  comparison.  Later  on,  when 
real  knowledge  of  the  problem  has  been  acquired,  we  can.  if 
desirable — and  I  frankly  doubt  whether  it  will  be  desirable^ — 
introduce  the  question  of  power  factor. 

It  has  already  been  said  that  probably  the  power  factor, 
under  the  average  condition  of  severe  duty— say  short  circuit — 
may  average  fairly  uniform;  and  if  we  build  breakers  which  will 
deal  with  those  fairly  uniform  conditions,  we  will  solve  the  prob- 
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Then  comes  a  matter  that  has  been  touched  on  several  times, 
which  I  call  the  **  relation  of  freedom  of  distress  to  maximum  ruptur- 
ing ability  or  rating.''  A  few  of  these  points  are:  A  function  of 
safety;  an  indication  of  an  available  margin  for  additional  duty; 
matter  of  appearance  and  orderliness;  a  source  of  seciu'ity  and 
confidence  of  the  operators,  where  there  is  freedom  from  distress. 
Smoke  and  oil  throwing  are  not  necessarily  proof  of  a  near 
approach  to  the  maximum  rupturing  capacity  of  the  breaker; 
but,  with  all  adjustments  right,  and  with  the  operation  as  in- 
tended, such  demonstrations  should,  at  least,  be  rare. 

Mr.  Pollard,  I  believe,  said  that  if  you  wanted  to  have  an 
immaculate  station — and  I  should  think  most  operators  would 
choose  that,  if  it  could  be  obtained  at  a  reasonable  expense — 
a  larger  unit  could  be  purchased,  which  would  withstand  the 
duty,  and  not  make  a  demonstration  which  a  smaller  and  cheaper 
unit  would  manifest.  So  that,  after  all,  whether  the  imit  shall 
go  back  into  operation  clean,  unsoiled  and  noiseless,  or  whether 
it  shall  go  back  limping,  or  perhaps  having  sacrificed  itself  and 
really  not  go  back  at  all,  is  a  matter  for  the  purchaser.  The 
manufacturer  is  glad  to  build  whatever  the  purchaser  chooses  to 
buy,  usually;  but,  as  Mr.  Pollard  said,  it  is  up  to  the  purchaser, 
who  does  the  applying  to  decide  what  he  wants.  He  can  buy  a 
small  breaker  and  blow  it  up,  or  he  can  buy  a  large  one  and  not 
blow  it  up. 

The  choice  of  breaker  equipment  for  freedom  from  demonstra- 
tion demands  the  same  foresight  into  the  future  methods  of 
operation  from  the  operator  as  he  looks  forward  to  his  growing 
loads,  that  is  exercised  when  he  purchases  additional  generating 
equipment. 

H.  W.  Buck:  For  a  common  kilowatt  rating  and  a  common 
power  house  capacity  back  of  the  arc,  the  oil  switch  of  course 
may  have  to  meet  the  condition  either  of  large  current  and  low 
voltage,  or  small  current  and  high  voltage. 

The  plant  at  Niagara  Falls  is  particularly  well  equipped  to 
make  this  direct  comparison,  in  that  it  has  a  large  plant,  operating 
at  2200  volts,  and  also  another  large  plant  feeding  a  high-tension 
line,  with  the  same  amount  of  power  back  of  the  short  circuits, 
operating  at  60,000  volts.  I  would  like  to  ask  of  Mr.  Imlay, 
whether  he  considers  rupturing  the  low  voltage  and  large  current 
more  severe  on  oil  switches  than  the  same  kilowatts  output  at 
high  voltage  on  small  current  ? 

L.  E.  Imlay:  We  have  very  much  less  difficulty  in  rupturing 
the  arcs  on  the  high-voltage  circuits  than  on  the  low  voltage. 

C.  A.  Adams:  I  should  like  to  ask,  then,  why  it  is  ordinarily 
considered  that  at  the  lower  voltages  the  kv-a.  rupturing  capacity 
is  larger  than  at  the  high  voltages  ? 

E.  M.  Hewlett:  In  this  particular  case,  Mr.  Imlay  is  not 
comparing  the  same  switches.  He  is  comparing  the  small  low- 
voltage  switch,  which  is  insulated  for  a  low  voltage,  with  the 
large  high-voltage  switch  which  is  insulated  for  a  high  voltage. 
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The  low-voltERe  switch  is  relatively  smaller  because  it  is  not 
necessary  to  make  it  larger,  the  strikinj;  distance  is  not  the 
limitinjj  feature.  Hence  the  high-voltage  switch  has  a  great 
deal  more  oil  in  it,  is  a  larger  device,  and  has  ;i  higher  rupturing 
capacity, 

S.  Q.  Hayes:  I  think  there  is  one  other  point  which  might  be 
brought  out  right  here.  At  the  higher  voltage  there  is  probably 
more  reactance  in  the  circuit,  and  the  amount  of  power  at  the 
are  is  probably  somewhat  less  at  the  higher  voltage  than  at  the 
lower  voltage. 

H.  R.  Summerhayes :  It  seems  to  me,  on  that  same  point, 
that  there  is  another  thing  that  should  be  considered.  On  the 
high-voltage  switch  you  are  not  limited  in  space,  and  not  so 
strictly  limited  in  investment,  as  the  low-voltage  switch.  If 
the  manufacturer  were  allowed  to  build  a  low-voltage  switch, 
using  the  same  space  and  the  same  investment  as  is  used  for  the 
high-voltage  switch,  he  could  probably  build  a  switch  which 
would  show  a  very  favorable  and  remarkable  performance. 
The  design  of  the  low-voltage  switch  has  been  based  on  invest- 
ment considerations  and  space  considerations.  The  low-voltage 
stations — the  large  low-voltage  stations— at  first  were  always 
located  in  large  cities,  where  real  estate  was  expensive  and  the 
switches  had  to  be  confined  to  the  least  space.  A  great  many 
switches  required  a  great  many  feeders  out  of  the  stations,  so 
that  space  was  a  limiting  factor.  The  high-tension  switches,  on 
the  other  hand,  are  generally,  nowadays,  put  out  of  doors,  and 
there  is  no  such  objection  to  the  large  quantities  of  oil  as  was 
encountered  in  the  original  designs  of  low-voltage  switches. 

Mr.  Hayes  speaks  of  rating  the  switch  on  the  circuit  voltage 
immediately  after  the  short  circuit.  The  question  of  the  meaning 
of  the  word  immediately  comes  in.  Of  course  we  understand  that 
if  the  field  of  the  generator  is  under  the  control  of  an  automatic 
regulator  which  pushes  up  the  field  excitation  as  soon  as  a  short 
circuit  comes,  then  the  voltage  may  rise  to  a  very  high  point 
after  the  short  circuit,  but  that  takes  time.  I  can  understand 
that  the  current  is  going  up,  possibly,  during  the  short  circuit, 
but  it  seems  to  me  that  the  voltage  would  not  rise  until  after  the 
switch  had  opened.  On  this  very  jjoint  it  has  been  observed  that 
what  we  might  call  a  sustained  short  circuit  is  more  difficult  to 
open  than  one  in  which  the  voltage  is  not  sustained. 

I  am  in  favor  of  rating  switches  on  the  current  which  the 
switch  opens  and  the  system  voltage.  One  reason  for  that  is, 
that  nearly  all  devices  used  on  constant  potential  systems  are 
rated  at  the  system  voltage,  and  it  would  be  very  convenient 
for  engineers  to  observe  the  same  custom  in  rating  switches, 
rather  than  to  rate  them  on  a  voltage  which  may  be  different  for 
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to  me  that  such  an  arbitrary  rating  would  be  rather  difficult  for 
an  operating  engineer  to  take  care  of  in  his  system.  That  is, 
it  would  be  rather  difficult  to  design  a  railway  system,  or  any 
other  system,  in  such  a  way  that  short  circuits  would  come 
no  closer  than  two  minutes  apart.    They  are  not  under  control. 

The  point  that  a  switch  should  be  guaranteed  to  open  the 
circuit,  and  then  be  in  condition  to  be  re-closed,  is  one  which  is 
well  taken.  There  is  very  little  doubt  that  most  operating 
engineers  prefer  to  have  the  switch  capable  of  being  reclosed  at 
least  once.  That,  I  think,  should  be  a  standard.  As  to  the 
number  of  times,  there  may  be  a  difference  of  opinion,  and  more 
investment  may  be  required. 

The  rating  in  which  the  kv-a.  capacity  goes  up  in  greater 
proportion  than  the  voltage  goes  down,  is  rather  difficult  to 
understand,  and  is  rather  difficult  to  reconcile  with  the  other 
statement  in  the  paper,  that  the  rupturing  capacity  is  a  function 
of  the  tank  dimensions. 

There  is  another  point  that  might  be  raised,  and  that  is,  that 
different  designs  of  circuit  breakers  may  require  different  form- 
ulas to  be  applied  for  the  difference  in  rupturing  capacity  when 
the  voltage  is  varied.  I  think  some  of  them  would  act  differently, 
on  that  point. 

P.  M.  Lincoln:  It  seems  to  me  that  the  main  question  under 
discussion  here  might  be  almost  called  one  of  the  proper  selection 
of  a  name  by  which  to  call  our  circuit  breakers.  At  the  present 
time,  and  during  the  past,  if  we  wanted,  for  instance,  to  get  a 
circuit  breaker  for  a  1000-kw.  machine,  we  took  its  ampere 
capacity  from  that  of  the  machine  and  then  selected  our  breaker 
on  the  basis  of  the  short-circuit  ampere  capacity.  Thus  for 
various  conditions  we  had  to  select  various  breakers,  depending 
upon  the  conditions  under  which  they  were  to  be  used. 

A  1000-kvv.  machine,  if  built  upon  the  old  specifications  when 
regulation  was  the  thing  which  was  desired  in  generators  above 
everything  else,  might  be  capable  of  giving  15.  20,  30  times  or 
perhaps  even  a  higher  percentage,  of  its  nonnal  current  upon 
short  circuit.  Under  modern  conditions,  however,  i)articularly 
since  the  practise  has  arisen  of  using  reactances,  in  series  with 
generators,  instead  of  giving  20,  30  or  may  be  40  times  normal 
current,  the  modern  generator  may  only  give  five  to  ten  times 
normal  full-load  current  on  short  circuits;  so  that,  that  condition 
introduces  a  decided  factor  in  the  selection  of  the  breaker. 

The  question,  therefore,  is,  in  the  future  shall  we  select  our 
breakers  in  regard  to  the  normal  current  which  they  have  to 
carry,  or  shall  we  select  the  breaker  with  regard  to  the  maximum 
overloading — the  worst  condition  that  it  must  carry?  I  quite 
agree  with  both  authors.  Both  authors  take  the  position  that 
the  breaker  should  be  selected,  and  it  should  be  given  a  name 
with  respect  to  the  maximum  short  circuit  that  it  has  to  inter- 
rupt.    I  quite  agree  with  that  view. 

Some  exception  has  been  taken  to  the  language  of  Mr.  Hayes, 
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when  he  speaks  of  the  voltage  to  be  interrupted.  He  calls  the 
voltage  that  which  exists  immediately  after  the  short  circuit 
has  been  interrupted.  I  think  Mr.  Hayes  used  that  language 
to  give  a  picture  of  what  the  breaker  has  to  do  during  the  process 
rather  than  with  a  view  of  determining  the  voltage  of  the  rating. 
I  believe  that  the  proper  voltage  to  be  used  in  getting  at  this 
rating  is  the  normal  voltage  of  the  circuit. 

It  seems,  therefore,  that  the  main  question  that  we  have  under 
discussinn  in  this  session  is  the  proper  name  to  apply  to  breakers, 
and  1  quite  agree  with  both  of  these  authors,  in  feeling  that  the 
proper  name  to  give  to  them  is  the  final  rupturing  capacity,  rather 
than  the  nonnal  ampere  carrying  capacity.  Of  course  the 
breakers  must  have  that  normal  ampere  carrying  capacity — 
that  goes  without  saying.  But  the  name  to  call  them  by  should 
be  their  maximum  rupturing  capacity,  rather  than  their  normal 
ampere  carrying  capacity. 

L.  W,  Chubb:  The  electromagnetic  energj-  stored  in  a  system 
when  the  breaker  opens  has  to  be  dissipated  either  as  heat  in  the 
breaker  are  or  stored  as  an  electrostatic  charge  in  the  system, 
to  be  subsequently  dissipated  by  oscillation  and  absorption  in 
resistance.  There  are  several  different  things  to  consi<ier  in  the 
breaking  of  a  circuit.  The  energy  put  in  the  breaker  tank  is  a 
ftinction  of  the  power  factor,  the  time  of  operation  and  the  phase 
of  the  current  at  the  first  of  the  separation.  If  the  breaker  opens 
quickly  at  the  zero  jioint  of  current  the  breaker  has  no  work  to 
do  and  the  energy  will  all  go  to  increasing  the  voltage  of  the 
system.  If  the  breaker  takes  a  long  time  to  open,  the  stored 
energy  of  the  system  and  more  coming  from  the  generating 
station  will  be  dissipated  in  the  arc  of  the  breaker.  So  that  the 
time  and  speed  of  operation,  the  jiower  factor,  the  ratio  of  line 
cajiacitance  to  inductance,  and  the  kind  of  inductance  are  all 
things  to  be  considered.  It  makes  a  dilTcrence  whether  the  inter- 
ruption and  short  circuit  arc  at  the  far  end  of  the  line  or  near  the 
station.  A  breaker  in  the  station  sliould  handle  a  short  circuit 
near  tlic  station,  in  which  case  there  is  the  greatest  current, 
lowest  iiowcr  factor,  and  lowest  ratio  of  capacitance  to  induc- 
tance, With  this  low  ratio  of  capacitance  there  is  not  the  advan- 
tage of  hnc  elasticity,  no  place  to  store  the  energy,  there  is  an 
ahnrist  instantaneous  rise  of  wiltage  each  time  the  current  pauses 
at  tlie  7ATO  point,  which  lights  the  arc  rei}eated]y  and  the  dy- 
namic and  stored  energy  mu;it  be  taken  care  of  in  the  arc  under 
oil  inilil  the  llnal  break.  Therefore  it  seems  that  to  take  care 
of  the  worst  (■(■ndilions,  tlie  rating  of  breakers  shoulii  assume  a 

C.  A.  Adams:  JMy  interest  in  this  subject  is  largely  from  the 
standpoint  of  standardization,  to  the  end  that  the  rating  of  an 
oil  switch  or  circuit  breaker  may  be  definite,  clear  cut  and  de- 
terminable. In  the  early  days  of  dynamo  machinery,  the  maker's 
rating  frequently  differed  from  what  we  now  understand  as  the 
continuous  rating,  by  as  much  as  r>()  }>er  cent,  (usually  in  excess). 
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due  partly  to  crudeness  in  methods  of  design  and  calculation, 
partly  to  lack  of  digested  experience,  partly  to  lack  of  knowledge 
of  the  qualities  of  the  materials  eniployed,  partly  to  the  diflFering 
factors  of  safety  employed  by  the  various  manufacturers,  and 
partly  to  the  differing  allowances  which  the  manufacturers  made 
for  the  crudeness  of  the  customer's  estimate  of  the  capacity 
required. 

We  are  now  in  a  somewhat  similar  stage  of  evolution  as  regards 
the  rating  of  oil  circuit  breakers.  The  customer  does  not  know 
exactly  the  work  which  the  breaker  will  be  called  upon  to  do; 
the  designer  does  not  know  how  to  design,  with  any  reasonable 
degree  of  accuracy,  a  breaker  to  do  just  the  work  specified;  and 
finally  the  manufacturer  cannot  easily  reproduce  the  specified 
conditions  of  operation,  to  test  his  product. 

Thus  the  task  before  us  is  two-fold :  First,  to  reduce  our  knowl- 
edge of  this  whole  subject  to  a  more  definite,  computable  and 
testable  basis;  and  second,  to  agree  upon  certain  definitions  as  to 
rating,  etc.,  so  that  we  will  be  talking  the  same  language,  so  that 
both  specifications  and  bids  will  be  rational  and  comparable. 

Out  of  the  present  discussion,  one  conclusion  stands  forth 
clearly  in  my  mind,  namely  that  the  rating  of  an  oil  circuit 
breaker  should  be  defined  in  terms  of  the  work  it  can  safely  do, 
without  reference  to  the  nature  or  capacity  of  the  system  to 
which  it  may  be  connected  by  a  particular  customer.  It  is  for  the 
customer  or  his  engineer  to  say  what  work  it  will  be  called  upon 
to  do,  or  to  choose  a  standard  breaker  with  a  sufficient  margin 
to  cover  his  maximum  requirement.  If  he  wishes  an  unusually 
large  factor  of  safety  it  is  for  him  to  specify  the  correspondingly 
larger  standard  rating,  as  he  is  the  one  to  pay  for  this  extra 
insurance. 

Finally  the  task  under  discussion  is  not  a  small  or  unimportant 
one,  and  anyone  who  contributes  even  in  part  to  its  satisfactory 
completion  deserves  a  large  share  of  credit  and  appreciation 
from  the  profession  at  large. 

S.  Q.  Hayes:  Referring  to  Mr.  Lichtenberg's  discussion. 
My  paper,  as  stated,  is  largely  a  series  of  disconnected  notes. 
It  really  does  not  lay  much  claim  to  clearness  of  definition  as  to 
the  proper  method  of  this  rating.  I  think  probably  the  fourth 
line  of  the  summary  gives  the  gist  of  my  idea  in  preparing  this 
paper — that  the  main  object  was  to  open  up  a  discussion;  and 
I  think  we  have  opened  up  a  pretty  fair  discussion  on  it.  Mr. 
Lichtenberg  I  believe  also  brought  out  the  question  about  the 
rating  of  the  circuit  breaker  and  the  formula  from  which  that  is 
derived.  That,  as  stated  in  the  paper,  is  the  rating  assigned  to 
it  by  the  maker  or  the  designer  of  that  particular  breaker.  The 
makers  have  felt  that  the  breaker  which  really  has  the  22,000- 
volt  insulation,  and  the  oil  and  the  tanks  suitable  for  that  service, 
will  actually  open  1700  amperes  at  22,000  volts,  and  will  be 
reoperative  after  opening  such  a  short  circuit.  They  also  claim 
that  that  same  breaker  will  actually  open   15,000  amperes  at 
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4500  volts,  and  be  immediately  reoperative.  They  have  made 
tests  that  prove  that  that  particular  breaker  can  fulfill  that 
particular  line  of  ratings.  Whether  that  formula  holds  true  for 
e\'ery  particular  line  of  breaker — as  Mr,  Summerhayes  brings 
out — is  another  question.  But  the  makers  will  guarantee  that 
this  particular  breaker  will  meet  the  jjarticular  conditions  stated. 

Mr,  Pollard  and  others  brought  out  the  question  of  rating  in 
kv-a.  or  amperes  and  volts,  and  the  question  of  the  voltage 
immediately  after  opening  the  arc.  Under  normal  conditions  we 
actually  rate  a  breaker  at  the  service  voltage.  I  wanted  to  point 
out  the  fact,  however,  that  under  the  abnormal  conditions  met  in 
certain  cases,  where  you  do  have  a  very  large  rise  in  voltage,  that 
the  kv-a.  rating  should  be  based  on  the  voltage  that  is  practically 
available  for  maintaining  that  arc,  namely,  the  voltage  that 
exists  just  after  the  breaker  has  cleared  the  circuit. 

H.  R.  Summerhayes:  Don't  you  think  it  would  be  better, 
as  a  basis  of  ratinf*,  to  use  the  system  voltage  ? 

S.  Q.  Hayes.  I  think,  as  a  basis  for  rating,  that  the  system 
voltage  is  probably  the  best  way  of  doing  it.  This  paper  of  mine 
is  not  any  attempt  tn  force  this  method  of  rating;  but  my  idea  was 
lo  put  up  a  method  of  rating,  largely  as  a  target,  so  as  to  get  the 
ideas  of  various  people  on  this  subject. 

I  notice  that  Mr.  Pollard  agrees  with  the  recommendation, 
that  the  manufacturer  should  give  the  rating  which  he  assigns  to 
his  oil  circuit  breaker,  and  the  u^cr  should  decide  whether  that 
breaker  actually  is  satisfactory  for  his  conditions. 

The  question  of  distress  that  Mr.  Pollard  brought  out,  really 
is  a  question  for  the  operating  engineers  to  settle,  rather  than  for 
the  designer  to  settle. 

As  Mr.  Adams  indicated,  one  thing  necessary  is  to  select  the 
jiroper  terms  to  be  used  in  rating  circuit  breakers  and  the  proper 
method  of  determining  whether  the  circuit  breakers  have  met 
their  guarantees  or  not.  This  paper  of  mine  suggests  certain 
terms,  not  as  being  the  best  possible  terms  to  describe  what  is 
intended,  but  as  one  method  of  describing  them,  in  order,  to  give 
others  a  chance  to  suggest  better  means  of  expressing  what  I 
have  attempted  to  express  in  this  paper. 

Now.  that  point  about  whether  the  breaker  should  be  rated 
at  lo.OUO  volts  or  13.000  volts  is.  to  a  certain  extent,  answered 
by  the  recommendation  of  using  the  voltage  that  will  exist 
immediately  after  the  breaker  has  opened  the  circuit.  That 
very  difficulty  is  indicated  on  the  curve.  After  opening,  the 
circuit  will  undoubtedly  have  gone  back  to  15,000  volts,  and 
may  be  a  trifle  higher. 

Mr.  Harper  brought  out  the  point  that  the  practise  of  his 
company  is  ijractically  to  have  the  manufacturer  send  an 
engineer  to  investigate  the  particular  conditions  and  then 
recommend  a  breaker  that  will  meet  those  particular  conditions. 
\ow,  in  plants  of  the  size  of  Mr.  Harper's,  that  can  usually  be 
done;  but  the  idea  of  this  paper  was  to  practically  settle  on  a 
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basis  of  rating  that  would  take  care  of  probably  90  per  cent  of 
the  cases.  There  are  undoubtedly  other  cases — maybe  10  per 
cent  of  the  whole — where  the  operator  will  largely  have  to 
depend  on  the  designing  engineer — the  manufacturing  engineer — 
guaranteeing  that  he  will  actually  furnish  a  breaker  to  meet  the 
particular  conditions. 

Mr.  Harper  very  aptly  brought  out  the  facts  that  there  are 
two  classes  of  customers.  In  making  a  note  on  Mr.  Harper's 
statement,  I  called  these  people  **minimtmi  and  maximum 
customers" — one  who  will  be  satisfied  with  the  minimum, 
namely,  the  cheapest  breaker,  that  will  just  get  away  with  his 
service;  and,  the  other  one,  who  wants  the  best  that  can  be 
purchased,  irrespective  of  price.  Now,  naturally  the  manu- 
facturer would  like  to  see  more  of  that  latter  class. 

Mr.  Buck  brought  out  the  point  of  what  really  was  a  successful 
operation;  and  various  other  people  agreed  with  Mr.  Buck  that 
it  was  necessary  to  have  repeat  operation. 

Now,  on  that  oscillogram  (referred  to  by  Mr.  Taylor),  the 
point  that  I  would  take  as  to  the  maximum  voltage  just  after 
opening  is  the  point  which  is  marked  on  the  oscillogram  **short 
circuit  opened."  You  will  notice  that  on  this  particular  system, 
where  this  test  was  made,  that  point  is  just  slightly  above  the 
normal  station  voltage. 

Mr.  Taylor  brought  out  the  point  that  testing  under  actual 
conditions  is  almost  impossible.  As  a  general  rule,  that  state- 
ment is  entirely  correct.  There  are  a  certain  number  of  tests 
that  have  been  made  on  plants  of  comparatively  large  capacity, 
so  that  the  operators  know,  or  can  know,  that  the  manufacturers 
really  have  some  actual  data  on  which  their  apparatus  is  based. 

Mr.  Randall  brought  out  the  point  that  circuit  breakers  are 
what  he  called  * 'comparatively  built,"  and  * 'comparatively 
designed,"  and  that  no  real  analysis  has  been  made  of  a  circuit- 
breaker  design,  and  that  no  actual  data  have  been  obtained  as  to 
the  effect  of  changes  in  dimensions.  Now,  those  statements  are 
entirely  correct.  No  definite  data  have  been  secured  as  to  the 
effect  of  increase  in  dimensions;  but  a  certain  amount  of  com- 
parative data  have  been  available.  It  is  known  that  a  certain 
type  of  breaker,  with  a  tank  of  a  certain  diameter,  will  do  a 
certain  amount  of  work,  and  that  the  same  general  design  of 
breaker,  with  a  larger  tank,  will  open  a  greater  amount  of  power. 

Mr.  Randall  also  agreed  with  the  statement  made  by  various 
speakers,  that  the  current  of  the  circuit  to  be  opened  really 
should  be  the  current  at  the  normal  voltage,  and  not  the  current 
that  would  exist  after  opening  the  arc.  And  he  also  brought 
out  the  various  features  that  would  occur  at  the  time  of  rupture, 
which  he  spoke  of  as  "demonstrations." 

Mr.  Imlay  stated  that  he  has  found  there  is  less  difficulty 
opening  a  certain  station  capacity  at  60,000  volts  than  at  2200 
volts.  In  answering  that  point  at  that  time  I  practically  asked 
Mr.  Imlav  another  question,  and  that  was  whether  at  60,000 
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volts  tht-rc  TL-allj-  was  not  more  reactance  in  his  circuit,  so  that 
the  power  at  the  arc  really  was  less  on  the  60,000  than  on  the 
2200-volt  circuit       Now.  Mr,  Summerhayes  and  Mr,  Hewlett 

practically  brought  out,  in  answer  lo  Mr.  Imlay's  point,  that 
for  the  higher  voltaKC.  space  and  price  were  minor  considerations. 
So  that  it  is  undoubtedly  true  that  the  high-voltage  breakers, 
which  Mr.  Imlay  has  in  his  plant,  open  their  circuits  with  less 
fuss  than  the  low-voltage  breaker. 

Mr.  Imlay  I  believe  also  brought  out  the  question  of  the 
ratiiij.;  of  the  low-vollagc  breaker — the  rating  of  a  breaker  being 
given  greater  for  low  voltage  than  for  high  voltage.  I  answered 
that  (jue.stion  earlier,  to  the  effect  that  those  are  the  ratings 
which  the  manufacturer  nf  thai  breaker  guarantees  the  breaker 
will  meet. 

Mr.  Sumrai-rhayes  iirouj;ht  out  the  point  that  the  s;mce  and 
the  iiricc  "f  a  low-voHage  breaker,  particularly  when  installed 
in  cily  jilnnli,  where  reul  estate  was  of  vast  importance,  was 
nne  of  thv  limiting  features  nn  the  low-voltage  breaker  that  was 
not  mel  with  in  ihe  high-voltage  breaker;  and  that  given  more 
(ir  le.ss  unlimitef!  space  ami  more  or  less  unlimited  price  the 
low-voltage  breaker  emild  be  matle  to  o])cn  the  circuit  just  as 
readily  as  the  htgh-vtiUsige  breaker. 

Mr.  Summerhayes  also  stated  thai,  it  is  his  recommendation 
that  the  curreTU  rating  should  lie  on  the  System  voltage.  I 
|iraciii-,Tlly  agvee  with  him;  but  I  have  brought  out  the  point 
that  fiT  those  particular  conditions  where  we  did  have  a  high 
rise  in  voltage  after  an  arc.  that  it  will  have  to  be  watched 
rather  carefully,  N'ow.  just  on  that  point,  there  is  one  feature 
of  circuit -breaker  i'])eration  that  some  people  lose  sight  of,  and 
ihat  is,  iliat  if  ymi  have  a  number  of  parallel  connected  circuits 
and  one  of  them  is  n|)ened  due  to  a  short  circuit  on  that 
particul.-tr  feeder,  the  duly  is  less  on  that  breaker,  because  the 
s\stem  can  discharge  over  tlie  other  circuits,  than  if  that  were 
liie  only  circuit  and  it  had  to  o|)en  ail  of  the  stored  magnetic 
energy  of  the  sysioni. 

Mr,  Lincoln  brought  out  the  fact  that  the  real  feature  was  the 
liroper  selection  of  the  name  to  be  assigned  to  a  circuit-breaker 
rating.  And  .Mr.  Lincoln  slated  correctly  my  viewpoint  on  that 
']ueslion  of  tile  oiien-rircuil  voltage  that  took  place  immediatelv 
;jfler  ihe  breaker  op^-ned. 

Mr.  Cluihb  bnmght  out  the  point  of  the  energy  to  open  and 
ilii'  -itnnige  of  energy,  and  the  point  that  I  just  made,  about 
circuit  hreakers  and  i>arallel  circuits,  takes  care  of  that  point. 

Mr.  .Adams  felt  that  the  rating  of  the  breaker  should  be 
practically  independent  of  the  system;  and,  if  it  is  possible  to  do 
so.  I  feel  tli:it  that  is  the  proper  method  of  rating. 

E.  M.  Hewlett:  In  reference  to  Mr.  Pollard's  point,  and  as 
Mr.  Hayes  stated,  the  manufacturer  would  like  to  hav'e  only  one 
rating,  and  that  rating  for  safely  and  service.  Unfortunately, 
I  here  are   lun  classc-  iif  customers.      Some  want   all   they  can 
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get  and  others  are  content  with  just  enough  to  squeeze  through. 
You  must  consider  both  parties  in  the  designing  and  the  rating,  so 
that  you  will  need  a  rating  that  can  be  used  both  ways,  or  let  a 
different  safety  factor  be  taken  by  the  man  who  is  willing  to  take 
the  risk. 

Mr.  Randall  is  quite  right  in  reference  to  our  data.  We  have 
a  great  deal  comparing  different  capacities  and  different  dimen- 
sions, and  the  service  that  the  switches  have  given  will  bear  out 
the  way  we  have  used  that  data.  I  think  that  the  manufacturers 
have  selected  ratings  that  have  given  on  the  average,  very  good 
service. 

Mr.  Lincoln  spoke  of  using  the  rating — that  is,  the  rupturing 
capacity  rating — as  the  rating  of  the  switch.  I  think,  however, 
that  a  switch  needs  a  first  and  a  last  name,  as  well  as  some  other 
features,  and  that  you  have  to  give  it  not  only  a  rupturing  rating, 
but  also  a  normal  current  carrying  capacity  at  the  station  voltage. 

Then,  to  take  up  the  last  point,  the  rupturing  capacity  should 
be  stated  in  the  actual  current  that  the  switch  is  called  upon  to 
open  at  the  operating  voltage.  There  are  a  great  many  factors, 
you  can  see,  that  have  to  be  brought  in;  but  we  can  use  such  a 
rating  as  this  until  such  time  as  we  find  we  have  sufficient  data 
to  formulate  a  new  rating. 

P.  Lindemann  (by  letter):  It  is  quite  evident  that  we  will 
have  as  many  types  of  circuit  breakers  as  we  have  types  of 
apparatus  or  systems  to  be  protected. 

Taking  into  consideration  our  present  method  of  rating  genera- 
tors, transformers  and  motors,  it  seems  most  preferable  that  our 
oil  switches  or  other  protecting  devices  be  treated  with  a  like 
method  of  rating,  so  for  a  generator  having  a  given  name  plate 
rating  that  a  similar  name  plate  rating  be  placed  on  the  oil 
switch  to  signify  the  proper  size  of  switch  necessary. 

By  this  method  for  a  transmission  line  the  proper  oil  switch 
would  be  one  having  a  name  plate  rating  equivalent  to  the 
current,  voltage,  frequency  and  power  factor  of  the  line  which 
it  is  to  protect. 

Assuming  the  line  connected  to  generator  bus  bars,  a  generator 
type  of  switch  would  be  selected  and  if  the  switch  was  to  be 
placed  at  the  far  end  of  the  same  line  with  no  load  taken  off 
between  them,  the  two  oil  switches  should  have  the  same  ratings 
theoretically,  their  types  however  would  be  different. 

It  seems  to  me  that  the  possible  surges  of  voltage  and  current 
should  not  enter  into  its  name  plate  rating,  but  rather  that  they 
be  assumed  in  the  design  by  the  manufacturers. 

In  addition  to  the  above  an  oil  switch  of  such  design  as  to 
take  care  of  twelve  interruptions  of  its  maximum  rating  at  two 
minute  intervals  before  inspection  is  necessary,  would  be  ideal 
practically. 
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The  first  step  taken  by  the  Institute  toward  the  standardization  of 
electrical  apparatus  and  methods  was  a  topical  discussion  on  "  The  Stand* 
ardization  of  Generators,  Motors  and  Transformers,"  which  took  place 
simultaneously  in  New  York  and  Chicago  on  the  evening  of  January  26, 
1898.  The  discussion  appears  in  the  Institute  Transactions,  Vol. 
XV,  pages  3  to  32.  The  opinions  expressed  were  generally  favorable  to 
the  scheme  of  standardization  of  electrical  apparatus,  although  some 
members  feared  that  difficulties  might  arise.  As  a  result  of  this  dis- 
cussion, a  Committee  on  Standardization  was  appointed  by  the  Council 
of  the  Institute,  consisting  of  the  following  members: 

Francis  B.  Crocker,  Chairman. 
Cary  T.  Hutchinson  '  Charles  P.  Stbinmetz 

Arthur  E.  Kennelly  Lewis  B.  Stillwbll 

John  W.  Lies,  Jr.  Elihu  Thomson 

After  a  careful  consideration  of  the  matter  and  consultation  with  the 
members  of  the  Institute  and  interested  parties  generally,  a  **  Report 
of  the  Committee  on  Standardization,"  was  presented  and  accepted  by 
the  Institute,  June  26,  1899.  Those  original  rules  appeared  in  the  In- 
stitute Transactions,  Vol.  XVI,  pages  255  to  268. 

As  a  result  of  changes  and  developments  in  the  electric  art,  it  was 
subsequently  found  necessary  to  revise  the  original  report,  this  work 
being  carried  out  by  the  following  Committe  on  Standardization: 

Francis  B.  Crocker,  Chairman, 
Arthur  E.  Kennelly  Charles  P.  Stbinmetz 

John  W.  Libb,  Jr.  Lewis  B.  Stillwbll 

C.  O.  Mailloux  Elihu  Thomson 

This  revised  report  was  adopted  at  the  19th  Annual  Convention  at 
Great  Harrington,  Mass.,  on  June  20,  1902,  and  appears  in  the  Institute 
Transactions,  Vol.  XIX,  pages  1076  to  1092. 

In  consequence  of  still  further  change  and  development  in  electrical 
apparatus  and  methods,  it  was  decided  in  September,  1905,  that  a  second 
revision  was  needed,  and  the  following  Committee  was  appointed  to  do 

this  work. 

Francis  B.  Crocker,  Chairman. 

Arthur  E.  Kennelly,  Secretary. 

Henry  S.  Carhart  Charles  P.  Scott 

John  W.  Lieb,  Jr.  Charlbs  P.  Stbinmetz 

C.  O.  Mailloux  Henry  G.  Stott 

Robert  B.  Owens  S.  W.  Stratton 
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This  Committee  held  monthly  meetings  and  carried  on  exteciBive  uorrc- 
pondence  with  manufacturers,  consulting  and  operating  engineers  and 
ther  interested  parties,  and  as  a  result,  presented  its  report  at  the  23d 
Annual  Convention,  held  at  Milwaukee.  May  28-30,  1900.  After  con- 
riderable  discussion  the  report  was  accepted  and  referred  back  to  the 
Committee  for  amendment  and  rearra-ngement  in  form.  It  was  then 
to  be  submitted  to  the  Board  of  Directors  fur  final  adoption.  In  Septem- 
ber, 1906,  the  following  Standardization  Committee  was  appointed 


Arthub  E,  Ke; 

4NELLY,  Secretary. 

A.    W.    BERkESFOHD 

Charles  F.  Scon 

DiiCALD  C.  Jackson 

Chakles  p.  Stbisi 

C.  0.  Maillouk 

Henhv  G.  Stott 

Robert  B.  Owens 

S.  W.  Stbattos 

Eli  nil 

TiiousoN 

This  Committee  held  monthly  meetings,  also  sub'Comaiillee  meetinfi, 
and  carefully  referred  the  rules  as  a  whole,  and  each  part  of  them,  to 
the  members  of  the  Institute.  The  rules  were  also  entirely  rearranged 
as  to  form,  and  put  In  shape  to  facilitate  ready  reference  to  tbem  and 
enable  future  revisituns  to  be  made  without  breaking  up  the  logical  ar- 
rangement. Thus  amended  the  rules  were  submitted  to  the  Board  of 
Directors  and  approved  by  it  on  June  21 .  1907.  The  Board  also  directed 
that  the  rules  should  be  presented,  as  accepted  by  the  Board,  at  the 
Annual  Convention  held  at  Niagara  Falls,  June  24  to  27.  1907,  which  ac- 
tion was  taken  by  President  Sheldon  on  June  2G,  1807.  By  the  Con- 
stitution which  went  into  effect  on  June  10,  1907,  this  Committee  has  been 
made  a  standing  Committee  wilh  ihe  litle  "  Standards  Committee,"  con- 
iisting  of  nine  members. 

On  August  \2,   1910.  the  Ho^.rd  of  Directors  increased  the  siie  of  the 
committee  from  nine  to  twelve  membi 
fourteen,  and  on  March  10,  1911,  froi 
mittee  thus  constituted  is  given  below. 

Comfort  A.   Adams,   Chairman, 
Abthub   K.   Kennelly,   Secretary. 
H.  W.  Buck  W.  S.  Moody 

Oano  Dunn  R.  A.  Philip 

H.  W.  FisHEK  W.  H.  Powell 

II.  B-  Gear  Charles  Robbins 

J.  1'.  Jackson  E.  B.  Rosa 

W.  L.  Merrill  Charles  P,  Steikubtz 

Ralph  D.  Mekshon  Calvert  Townley 

This  committee  and  several  sub-committees  held  numerous  meetingi 
at  which  the  general  revision  of  the  Standardization  Rules  of  the  Institute 
was  considered.  The  complete  Sl.indardization  Rules,  as  revised  by  this 
commidec,  were  presented  to  ;ind  approved  by  the  Board  of  Director*  on 
June  27.  1911.  at  the  Annual  Convention  held  at  Chicago.  111. 

Duriiii;  tlio  following  t«o  years  (l',Hl-19l:il  the  Standards  Committee. 

s<.mewhat    moriifK',1   and   fnlargeii,   undertook   a   radical   revision  of   the 

Kulfs,  partieularly  in  Lonneciion  with  the  important  subject  of  Rating. 

-■■-■>   l!ll:(  liie  (.'oiumiilee  uas  still  tunher  enlarged  by  the  Board 

s  for  the 
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A.  £.  Kbnnblly,  Chairman, 
Comfort  A.  Adams,  Secretary. 

SUB-COMMITTEE  No.  1.  ON  RATING. 

H.  M.  HoBART,  Chairman.  •'* 

James  Burks  W.  H.  Powell 

W.  C.  L.  Eglin  Charles  Robbins 

B.  G.  Lamme  C.  F.  Scott 

W.  A.  Layman  Jambs  M.  Smith 

W.  L.  Merrill  Charles  P.  Steinmbtz 

W.  S.  Moody  J.  Franklin  Stevens 

Philip  Torchio 

SUB-COMMITTEE  No.  2.  ON  TELEGRAPH  AND  TELEPHONE 

STANDARDS. 
F.  B.  Jewett,  Chairman, 
H.  W.  Fisher  R.  H.  Marriott 

F.  F.  FOWLB  J.  H.  MORBCROFT 

J.  M.  Smith 

SUB-COMMITTEE  No.  3.  ON  RAILWAY  STANDARDS. 

W.  A.  Del  Mar,  Chairman. 
F.  W.  Carter*  William  McClellan 

Hugh  Hazelton*  Harold  Pender 

E.  R.  Hill*  Martin  Schreiber* 

H.  M.  Hobart  N.  W.  Storer* 

SUB-COMMITTEE  No.  4.  ON  NOMENCLATURE  AND  SYMBOLS. 

Comfort  A.  Adams,  Chairman. 
Louis  Bell  H.  Pender 

DuGALD  C.  Jackson  E.  B.  Rosa 

M.  G.  Lloyd  A.  S.  McAllister 

R.  H.  Marriott 

SUB-COMMITTEE    No.   5.    ON    WIRES  AND  CABLES. 

H.  W.  Fisher,    Chairman. 
Wallace  Clark  E.  B.  Rosa 

W.  A.  Del  Mar  C.  E.  Skinner 

W.  C.  L.  Eglin  S.  W.  Stratton 

SUB-COMMITTEE  NO.  6.  ON  RATING  AND  TESTING  OF  CON- 
TROL APPARATUS. 
L.  T.  Robinson,  Chairman. 
Morton  Arendt  C.  H.  Sharp 

N.  A.  Carle  P.  H.  Thomas 

Philip  Torchio 

Sub-committee  No.  1  had  representation  from  the  National  Electric  Light  Associatioa 
(Mesirs.  L.  L.  BIden,  G.  L.  Knight.  J.  B.  Kearns.  and  B.  P.  Dillon),  from  the  Association  of 
Edison  Illuminating  Companies  (  Mr.  P.  Torchio)  and  from  the  Electric  Power  Club  (Mems. 
James  Burke  and  J.  M.  Smith). 

Sub-committee  No.  3,  through  Messrs.  Schreiber  and  Del  Mar,  respectively,  worked  in 
collaboration  with  the  Committees  of  the  American  Electric  Railway  Engineering  Asso- 
ciation, and  the  Association  of  Railway  Electrical  Engineers. 

*Sub-committee  No.  3  was  a  joint  subcommittee  of  the  Standards  Committee  and  of  the 
Railway  Committee.  The  members  opposite  whose  names  occurs  an  asterisk,  represented 
the  latter  committee. 

The  following  members,  although  not  appointed  on  the  Standards  Committee,  have  ma- 
terially contributed  to  its  work  and  have  attended  its  meetings: 

Carl  J.  Pechhdmer.  B.  D.  Priest.  R.  B.  Williamson.  K.  A.  Pauly.  L.  P.  Blume.  C-  Rensh-iw, 
O.  H.  Hill.  C.  J.  HlxBon. 
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The  radical  revision  begun  in  1911  was  completed  by  this  Committee 
and  approved  by  the  Board  of  Directors  at  a.  special  meeting  held  on 
July  10,  1014.  subject  to  editorial  revision  by  the  Committee,  and  to  go 
ioioforcoon  Dec,  1,  1914. 

The  Committee  of  1914-1915  which  carried  out  the  editorial  revision, 
(ound  it  impossible  to  complete  the  work  satisfactorily  by  Dec.  1st. 
The  edition  of  July  1st,  1915,  approved  by  the  Board  of  Directors  at  its 
meeting  of  June  30,  1915.  thus  represents  substantially  the  completion 
and  clarification  of  the  previous  radical  revision,  although  it  includes 
a  number  of  important  additions.  This  Committee  was  constituted  >■ 
follows: 

A.  B.  KBN.NBLLY,  Chiinnia.  Hirviid  Uaivcrnty.  Cimbridge.  Mm. 
C-  A.  ADAMS.  Secretuy.  lUrraM  Unlvcnily.  Ciinbridge.  M*u, 
JAMES  BURKE.  Erie.  P..  W.  H.  POWELL.  Mil».uk«.  Wi.. 

W.  A.  DEL  MAR.  Nen  York,  CHARLES  RDBBINS.  Eait  Pituhuigh,  Pai 

H.  W.  FISHER.  Perth  Amboy.  N,  J.  L.  T.  ROBINSON'.  SchenecUrir.  N.  H 

O.  L.  KNIGHT.  Brooklyn.  N.  Y.  E.  B.  ROSA.  WMhington.  D,  C. 

H.  M.  HOBART,  SchfrnEctidy,  N.  V.  C.  E.  SKIN.NER.  But  Pi(Ubut|h.  Pi 

P.  B.  JEWETT.  Ntw  VurW.  J.  M.  SMITH.  New  York. 

P.  JUNKERSPELD.  ChLc«go,  111.  H.  G.  STOTT,    New  York. 

W.  L.  MERRILL,  Schenecl.dy.  N.  Y.  P.  H.  THOMAS.  New  York. 

During   I!tl.'i-J6  a  numi-cr  of  L.-hanEes,    rieletiiins    ami    additions  were 
made.     The   1915-16  Committee  was  constituted   as   follows; 
I  .  A,  ADAMS,  Chairman.  Harvar-1  UnivertiiT.  Cjnibripke.  M«ss. 
HAROLD  PENDER,  RtcrvWri".  Vm\:  uf  Pennsylvania.  Phitadciphw.  Pii. 
PKEDERlfK  BEDELL,  P.  JU\KEHSFELD. 

L.  F.  BLUME.  A.  E.  KENNELLY. 

JAMES  BURKE.  G   L.  KNIGHT, 

N,  A.  CARLE,  A.  S.  McALLlSTER. 

E.  J.  CHENEY.  W.  M.  McCONAHEV, 
FRANK  P.  COX.                                    W.  L.  MERRILL. 

W,  A,  DEL  MAR,  R.  B,  OWENS, 

W.  P.  DURAND.  CHARLES  ROBBINS. 

H.  W.  FISHER.  L,  T.  ROBINSON, 

H,  M,  HOBART,  E.  B.  ROSA, 

F.  B.  JEWETT.  C.  E.  SKISNER, 

M,  li,  STOTT, 

In  addition  to  the  members  nf  the  Standards  Committee,  the  following 
members  of  the  Institute  have  served  on  one  or  more  of  the  various  sub- 
committees: J,  R,  C.  Armstrong,  H.  S.  Baldwin,  Joseph  Bijur.  G.  A. 
Burnham,  W.  S.  Clark,  1,.  \V.  Chubb.  F.  M.  Farmer.  G.  M.  W.  Goettling. 
J.  1).  Harmlen,  R.  E.  Hellmund,  C.  T.  Henderson,  E.  M.  Hewlett,  Guy 
Hill,  H.  D,  James.  Paul  MacGahan,  J,  N,  .\lahoncy,  H.  S.  Osborne. 
K.  A.  Pauly,  C.  H.  Sharp,  T.  H,  .Schoepf.  P.  H.  Thomas,  Philip 
Torchio,     M.  O.  Troy,  J.  L.  Woodbridge. 

Tlic  f..ll.,.v{nK  s'xiiLies  dir.vlly  and  through  the  committees  named, 
have  given   helpful  cooperation  m  the  present  revision  of  the  Rules: 
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Illuminating  Engineering  Society, 
Committee  on  Nomenclature  and  Standards. 

Electric  Power  Club, 
Committee  on  Engineering  Recommendations:   Standardization  Com- 
mittee. 

National  Electric  Light  Association 
Committee  on  Meters. 
Committee  on  Apparatus. 

Association  of  Railway  Electrical  Engineers 
Committee  on  Wires  and  Cables. 

American  Electric  Railway  Engineering  Association, 
Committees  on  Equipment  and  Distribution. 

Institute  of  Radio  Engineers, 
Committee  on  Standardization. 

Society  of  Automobile  Engineers, 
Standards  Committee 

Of  particular  value  in  the  present  revision  of  the  Rules  has  been  the 
very  cordial  cooperation  of  the  British  Engineering  Standards  Committee, 
which  was  represented  at  the  final  meeting  of  the  Standards  Committee 
on  May  15  and  16  by  its  Electrical  Secretary,  Mr.  C.  le  Maistre,  who  came 
from  London  to  New  York  for  this  express  purpose.  The  British  Engi- 
neering Standards  Committee  is  supported  by  the  following  British  So- 
cieties: The  Institution  of  Civil  Engineers,  the  Institution  of  Mechanical 
Engineers,  The  Institution  of  Naval  Architects,  The  Iron  and  Steel 
Institute,  The  Institution  of  Electrical  Engineers. 

In  order  to  crystalize  the  policy  of  the  Standards  Committee  in  its 
own  activities,  and  in  its  relation  to  similar  committees  of  other  engineer- 
ing societies,  the  1915-16  Standards  Committee  formulated  the  by-laws 
given  on  the  next  page.  These  were  approved  by  the  Board  of  Direc- 
tors June  28,  1916. 


NOTB. 

The  Standards  Committee  takes  this  occasion  to  draw  the  attention 
of  the  membership  to  the  value  of  suggestions  based  upon  experience  gained 
in  the  application  of  the  Rules  to  general  practise. 

Any  suggestions  looking  toward  improvement  in  the  Rules  should  be 
communicated  to  the  Secretary  of  the  Institute,  for  the  guidance  of  the 
Standards  Committee  in  the  preparation  of  future  editions. 
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r-LAWS  OF  THE  STANDARDS  COMMITTEE   OF   THE 
A.  I.  E.  E. 

|ln  Section  2N  of  the   Hy-L.iv.--   Ihe  .luties  of  the  Stan'lanis  Committee 
us  fulloWD: 

"  Thi;  Stanilards  Commiltee  shall  consider  and  investigate  alt  matters 
velalinK  l"  units  and  standards  appertaining  to  or  applicable  in  electrical 
ig  and  in  thu  allied  arts  anil  sdences.  The  Committee  shall 
■  make  reports  an<i  rpo'immcndalion*  t<i  the  Board  of  Directors  for  actioiy. 
I  thereon." 

The    following   hy-laws   are   in   atrrord   with    this  section  of  the  CotU 


U 


ThesB  liy-laws,  when  approved  by  the  Board  of  Directors,  shall 
supprst-'k'  ill!  formiT  resolutions  governinK  Ihi-  ailicn  and  policy  of 
the  Stnndftrds  Committee. 
I  Tile  minutes  of  each  meetini;,  murkcd  "Nut  for  Publica- 
tion," .shall  he  s<rnl  by  the  Secretary  to  each  memlier  of 
the  C'lnimUifi'.  Those  mintiKs  shall  contain  a  summary  of 
the  reasons  pri-senti'd  for  und  against  any  amendment  or  nd- 
ditiiin  to  the  Standard izii lion  Rules  which  may  be  discussed 
at  the  meeting.     An  umenilment  or  iiddition  udogiii-d  by  the  Com- 

3  All  ami-ndmenth  itiid  iiddilions  adopivd  by  Ihc  Commillpc  during 
any  liscul  yt-ur  may  be  rcconsidtTtd  by  (he  C!ommittfc  u 
time,  iinil  >hall  lie  reviewed  a\.  its  meeling  hclJ  in  May 
only  lliiisc  iimeudmcnta  and  iidditions  conlirmed  at  this 
ing  shall  be  (jrcsented  to  the  Board  of  Directors  for  their  ap- 
[iroval.  Three-fourths  of  tin-  vales  of  thost  present  and  voting  shall 
\iv  necessary  for  such  conTirmntion.  Any  objection  or  change  to  be 
iiinsidercd  at  this  meeting  sh.ill  be  subrailled  in  writing  prior  tc, 
[he  meeting  and  no  action  other  thun  a  vote  for  or  against  conhrm- 
ation  (if  any  privvious  action  of  the  Committee  shall  be  taken  at  this 
liiovling,  CKCtpt  upon  llic  unanimous  vote  of  those  present. 
t  Amendments  anil  additions  to  the  Standardization  Rules 
juli'pli'd  liv  the  ('iimniilti'e  are  not  in  force  until  approved  by  the 
lt..^.rd  ..i  Diminrs  .yi\-\  nuiy  be  rccnsidercd  by  ihc  Committee  at 


ll 

wh 

>c-> 

c  C. 
eh  c 

imitlces.  To  this  end,  a  report, 
ihc  amendments  and  additions 
mniiltee  sludl  be  sent  to  those 
loperalion  has  been  established. 

II 

liilK 

L.ndards  committee  to  an  aclion 
isid.Tc.i  M  the  nest  meeting  of 
ll  -if  ,1  written  st:itement  of  this 
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A  notice  from  another  standards  committee  of  a  pending  ob- 
jection shall,  however,  suffice  for  an  extension  of  time.  In  the 
case  of  foreign  standards  committees,  the  time  allowed  for  an  objec- 
tion to  be  filed  may  be  extended  at  the  option  of  this  Committee. 

7  A  cooperating  standards  committee  which  may  submit  an  objec- 
tion to  a  previous  action  of  this  Committee  shall  be  invited  to  send 
a  representative  to  the  meeting  or  meetings  of  this  Committee  at 
which  such  objection  is  scheduled  for  consideration. 

8  Whenever  a  new  edition  of  the  Rules  is  issued,  old  Rules  in  which 
changes  other  than  typographical  corrections  have  been  made,  and 
all  additions  and  deletions,  shall  be  distinctively  indicated. 

9  Amendments  and  additions  to  these  By-Laws  may  be  made  by 
this  Committee,  subject  to  the  approval  of  the  Board  of  Directors. 


OTHER   APPROVED   STANDARDIZATION   RULES 

At  the  April  meeting  the  Standards  Committee  passed  the  fol- 
lowing resolution,  which  was  approved  by  the  Board  of  Directors 
on  April  14th: 

"  The  Standards  Committee,  with  the  approval  of  the  Board  of 
Directors,  recommends  the  use  of  the  following  rules  and  standards 
as  adopted  by  other  societies.  These  have  been  formally  presented 
to  the  Standards  Committee  by  the  societies  concerned  and  are 
found  not  to  be  incompatible  with  the  Standardization  Rules." 

The  Standards  Committee  will  be  pleased  to  receive  from  any  of 
the  engineering  societies  such  standardization  rules  as  they  may  care 
to  have  included  in  this  list.  Such  rules  will  be  included  (by  title 
only)  if  they  are  found  not  to  be  incompatible  with  the  Standardiza- 
tion Rules  of  the  A.  I.  E.  E. 


STANDARDIZATION  RULES 

OF  THB 

AMERICAN  INSTITUTE  OF  ELECTRICAL  ENi 
DEFINITIONS 

Note.     The  following  definitions  are  intended   tu   be 

descriptive,  rather  than  scientifically  rigid. 
CURRENT,  E.M.F.  aod  POWER. 

(The  definitions  of  currents  given  below  apply  also,  m 

to  electromotive  force,  potential  difference,  magnetic  flu 
1  Direct  Current.     A  unidirectional  current.     As  nrdir 

the  term  designates  a  practically  non-pulsating  current. 
3      Pulsating    Current.      A    current    which     pulsates     ri 

magnitude.      As  ordinarily  employed,   the   term   refers  1 

tional  current. 
3       Continuous  Current.      .\  prattic^iUy  non-pulsatinj;  dir 
i       Alteroatiog     Current.      A     current     which     alternates 

in     direction.        Unless    distinctly     otherwise    specified, 

'■  alternating   current  "   refers   to   a  periodic  curren-;  witl 

half  waves  of  the  same  shape  and  area. 

5  Oscillating  Current.  A  periodic  current  whose  fr 
determined  by  the  constants  of  the  circuit  or  circuits 

6  Cycle.  One  complete  set  of  positive  and  negative 
alternating  current. 

7  Electrical  Degree.     The  360th  part  of  a  cycle, 

8  Period.     The   time   required   for   the   current  to  pass  t 

B  Frequency.  The  number  of  cycles  or  periods  per  si 
product  of  2ir  by   the   frequency  is  called  the  angular  veli 

10  Root-Mean-Square  or  Effective  Value.  The  sq-ua 
the  mean  of  the  squares  of  the  instantaneous  valu 
complete  cycle.  It  is  usually  abbreviated  r.m.s.  Unles 
ipecificd,  the  numerical  value  of  an  alternating  c-urrei 
its  r.m.s.  value.  The  r.m.s.  value  of  a  sinusoidal  wave  is 
maximum,  or  crest  value,   divided   by    v  2.      The    word 
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13  Simple  Alterottiag  i.>r  Siausoidal  Curreat.  One  whose  nave- 
shape  is  sinusoidal. 

Alternating- current  calculations  are  commonly  based  upon  the  u- 
lumptton  oE  sinusoidal  currents  B.nd  voltages. 

13  Phase.  The  distance,  usually  in  angular  measure,  of  the  base  of 
any  ordinate  of  an  alternating  wave  from  any  chosen  point  on  the 
time  axis,  is  called  the  phase  of  this  ordinate  with  respect  to  this  point. 
In  the  case  of  a  sinusoidal  alternating  quantity,  the  phase  at  any  in- 
stant may  be  represented  by  the  corresponding  position  of  a  line  or 
pfc/or  revolving  about  a  point  with  such  an  angular  velocity  (u  =2Trf), 
that  its  projection  at  each  instant  upon  a  convenient  reference  line 
is  proportional  to  the  value  of  the  quantity  at  that  instant. 

li  Non-Sinusoidal  Quantities.  Quantities  that  cannot  be  rep- 
resented by  vectors  of  constant  length  in  a  plane.  The  fol- 
lowing  definitions  of  phase,  active  component,  reactive  component, 
etc.,  are  not  in  general  applicable  thereto.  Certain  "  equivalent  " 
values,  as  defined  below,  may,  however,  be  used  in  many  instances, 
for  the  purpose  of  appro\imate  representation  and  calculation. 

IE       Crest-Factor 

TveTs-Vr"' 

Ifl  Form  Factor.  The  ratio  of  the  r.m.s.  to  the  algebraic  meftii 
ordinate  taken  over  a  half-cycle  beginning  with  the  zero  value.  If 
the  wave  p.tsses  through  icro  more  than  twice  during  a  single  cycle, 
that  zero  shall  be  taken  which  gives  the  largest  algebraic  mean  for 
the  succeeding  half-cycle.     The  form  factor  of  a  sine-wave  is  1. 11. 

IT  The  Distortion  Factor  of  a  wave.  The  ratio  of  the  r.ms.  value 
of  the  first  derivative  of  the  wave  with  respect  to  time,  to  the  r.m.s. 
value  of  the  first  derivative  of  the  equivalent  sine  wave. 

18  Equivalent  Sine  Wave.  A  sine  wave  which  has  the  same 
frequency  and  the  same  r.m.s.  value  as  the  actual  wave. 
*19  Phase  Difference:  Lead  and  Lag.  When  corresponding  cyclic 
values  of  two  sinusoidal  alternating  quantities  of  the  same  fre- 
quency occur  at  different  instants,  the  two  quantities  are  said  to 
differ  in  phase  by  the  angle  between  their  nearest  corresponding 
values;  e.g.,  the  phase  angle  between  their  nearest  ascending  zeros  or 
between  their  nearest  positive  maxima.  That  quantity  whose 
maximum  value  occurs  first  in  time  is  said  to  lead  the  Other,  and 
the  latter  is  said  to  lag  behind  the  former.  . 

•20      Counter-Clockwise  Convention.     It  is  recommended  that 

in  any  vector  di.igram.  the  le^ading  vector  be  drawn  counter-     [        / 
clockwise     with   respect   to   the  lagging  vector,  (  as  in   the     ' 
accompanying  diagram,  where  01  represents  the  vector  of 
a  current    in   a   simple  alternating-current  circuit,  lagging    i 
behind  the  vector  OE  of  impressed  e.m.f.  0 


STANDARDIZATION  RULES  OF  THE  A.  I.  E.  E.        1661 

^21  The  Active  or  In-Phase  Component  of  the  current  in  a 
circuit  is  that  component  which  is  in  phase  with  the  voltage  across 
the  circuit;  similarly  thd  active  component  of  the  voltage  across  a 
circuit  is  that  component  which  is  in  phase  with  the  current.  The 
use  of  the  term  energy  component  for  this  quantity  is  disapproved. 

^2  Reactive  or  Quadrature  Component  of  the  current  in  a  cir- 
cuit. That  component  which  is  in  quadrature  with  the  volt- 
age across  the  circuit;  similarly,  the  reactive  component  of  the 
voltage  across  the  circuit  is  that  component  which  is  in  quadrature 
with  the  current.  The  use  of  the  term  wattless  component  for  this 
quantity  is  disapproved. 

^23  Reactive  Factor.  The  sine  of  the  angular  phase  difference 
between  voltage  and  current;  i,  f.,the  ratio  of  the  reactive  current  or 
voltage  to  the  total  current  or  voltage. 

*24  Reactive  Volt- Amperes.  The  product  of  the  reactive  component 
of  the  voltage  by  the  total  current,  or  of  the  reactive  component 
of  the  current  by  the  total  voltage. 

*25  Non-Inductive  Load  and  Inductive  Load.  A  non-inductive  load  is  a 
load  in  which  the  current  is  in  phase  with  the  voltage  across  the  load. 
An  inductive  load  is  a  load  in  which  the  current  lags  behind  the 
voltage  across  the  load.  A  condensive  or  anti-inductive  load  is  one 
in  which  the  current  leads  the  voltage  across  the  load. 

26  Power  in  an  Alternating-Current  Circuit.  The  average  value 
of  the  products  of  the  coincident  instantaneous  values  of 
the  current  and  voltage  for  a  complete  cycle,  as  indicated  by 
a  wattmeter. 

27  Volt-Amperes  or  Apparent  Power.  The  product  of  the 
r.m.s.  value  of  the  voltage  across  a  circuit  by  ther.m.s.  value  of  the 
current  in  the  circuit.     This  is  ordinarily  expressed  in  kv-a. 

28  Power  Factor.  The  ratio  of  the  power  (cyclic  average  as 
defined  in  (26)  to  the  volt-amperes.  In  the  case  of  sinusoidal  cur- 
rent and  voltage,  the  power  factor  is  equal  to  the  cosine  of  their  differ- 
ence in  phase. 

29  Equivalent  Phase  Difference.  When  the  current  and  e.m.f. 
in  a  given  circuit  are  non-sinusoidal,  it  is  customary,  for  pur- 
poses of  calculation,  to  take  as  the  '*  equivalent  "  phase  difference, 
the  angle  whose  cosine  is  the  power  factor  (see  (28)  of  the  circuit. 
There  are  cases,  however,  where  this  equivalent  phase  difference  is 
misleading,  since  the  presence  of  harmonics  in  the  voltage  wave,  cur- 
rent wave,  or  in  both,  may  reduce  the  power  factor  without  producing 
a  corresponding  displacement  of  the  two  wave  forms  with  respect  to 
each  other;  r^.,  the  case  of  an  a-c.  arc.  In  such  cases,  the  com- 
ponents of  the  equivalent  sine  waves,  the  equivalent  reactive  factor 
and  the  equivalent  reactive  volt-amperes  may  have  no  physical  sig- 
nificance. 

30  Single-Phase.  A  term  characterizing  a  circuit  energized  by  a 
single  alternating  e.m.f.     Such  a  circuit  is  usually  supplied  through 

*Note:   Definitions  19.  20.  21.  22.  23.  24,  25  refer  strictly  only  to  cases  where  the 
voltage  and  current  are  both  sinusoidal  (see  §11  and  12). 
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two  wires.  The  currents  in  these  two  wires,  counted  positively  out- 
wards from  the  source,  differ  in  phase  by  ISO  degrees  or  a  half-cycle. 
SI  Tbree-Phase.  A  term  characterizing  the  combination  of  three 
circuits  energised  by  alternating  e.in.f.'s.  which  differ  in  phase  by 
one-third  of  a  cycle;   i.e..  120  degrees. 

53  Quarter- Phase,  also  called  Two-Phase.  A  term  charac- 
terizing the  combination  of  two  circuits  energized  by  alternating 
e.m.f's,  which  differ  in  phase  by  a  quarter  of  a  cycle;   i.e.,  90  degrees. 

S9  Six-Phase.  A  term  characterizing  the  combination  of  six  cir- 
cuits energized  by  alternating  e.m.f's.  which  diSer  in  phase  by  one 
si»th  of  a  cycle:   i.<..  QO  degrees. 

54  Polyphase.  A  general  term  applied  to  any  system  of  more 
than  a  swingle  phase.  This  term  i5  ordinarily  applied  to  Eymmelrica] 
systems. 


Per  Cent  Dr 

□p. 

eO       In  elei 

■trical 

machinery,  the  ra 

,lio  of  th 

e  internal  resistance  drop  ta 

the  term 

inal  V 

oltage.  expressed  ii 

n  per  cet 

It.  is  called  the    "  per   ctal 

1  Similarly  the  ratm  of  the  iolernal  reactance  drop  to  the  terrninal 
voltage,  expressed  in  ptr  cent,  is  called  the  "  per  cent  reactance  drop." 

S  Similarly  the  ratio  of  the  mternal  inipedaace  drop  to  the  terminal 
voltage,  expressed  in  percent,  is  called  the  "  per  cent  impedance  drop." 
Unless  otherwise  specified,  these  [let  cent  drops  shall  be  referred  to 
rated  load  and  rated  power  factor. 

i  In  tbe  case  of  tTansformers,  the  per  cent  drop  will  be  the  sum  of 
the  primary  drop  (reduced  to  secondary  turns)  and  the  secondary 
drop,  in  per  cent  of  secondary  terminal  voltage. 

I  In  the  case  of  induction  motors,  it  is  advantageous  to  express  the 
drops  in  per  cent  of  the  internally  induced  e.m.f. 

i  The  Load  Factor  of  a  machine,  plant  or  system.  The  ratio 
of  the  average  power  to  the  maximum  power  during  a  certain  period 
of  lime.  The  average  power  is  taken  over  a  certain  period  of  time, 
such  as  a  day.  a  month,  or  a  year,  and  the  maximum  is  taken  as  the 
average  over  a  short  interval  of  the  maximum  load  within  that  period. 
In  each  case,  the  interval  of  maximum  load  and  the  period  over 
which  the  average  is  taken  should  be  definitely  specified,  such 
as  a  "  half-hnnr  mnnihly"  load-factor.  The  proper  interval  and 
period  are  usually  dependent  upon  local  conditions  and  upon  the 
purpose  for  which  the  load  factor  is  to  be  used. 

J  Plant  Factor.  The  ratio  of  the  average  load  to  the  rated  capacity 
of  the  power  plant,  i.e.,  to  the  aggregate  ratings  of  the  generators. 

7  The  Demand  of  an  Installation  or  System  is  the  load  which  is 
dranii  friim  the  souriT  i>f  supply  at  the  receiving  terminals  averaged 
nviT  :i  suitiitile  and  s|je(ilied  interval  of  time.      Demand  is  expressed 

i  The  Maximum  Demand  of  an  Installation  or  System  is  the  greatest 
of    all   the    demands    which    have   occurrc4  during   *  given  period,. 
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It    is    determined    by    measurement,     according    to    specifications, 
over  a  prescribed  time  interval. 

69  Demand  Factor.  The  ratio  of  the  maximum  demand  of 
any  system  or  part  of  a  system,  to  the  total  connected  load  of  the 
system,  or  of  the  part  of  system  under  consideration. 

60  Diversity  Factor.  The  ratio  of  the  sum  of  the  maximum 
power  demands  of  the  subdivisions  of  any  system  or  parts  of  a  system 
to  the  maximum  demand  of  the  whole  system  or  of  the  part  of  the  sys- 
tem under  consideration,  measured  at  the  point  of  supply. 

61  Connected  Load.  The  combined  continuous  rating  of  all  the  re- 
ceiving apparatus  on  consumers'  premises,  connected  to  the  system 

i 

or  part  of  the  system  under  consideration. 

62  The  Saturation  Factor  of  a  machine.  The  ratio  of  a  small 
percentage  increase  in  field  excitation  to  the  corresponding 
percentage  increase  in  voltage  thereby  produced.  Unless  other- 
wise specified,  the  saturation  factor  of  a  machine  refers  to  the 
no-load  excitation  required  at  normal  rated  speed  and  voltage.  It  is 
determined  from  measurements  of  saturation  made  on  open  circuit  at 
rated  speed. 

68  The  Percentage  Saturation  of  a  machine  at  any  excitation 
may  be  found  from  its  saturation  curve  (generated  voltage  as 
ordinates,  against  excitation  as  abscissas),  by  drawing  a  tangent  to 
the  curve  at  the  ordinate  corresponding  to  the  assigned  excitation^ 
and  extending  the  tangent  to  intercept  the  axis  of  ordinates  drawn 
through  the  origin.  The  ratio  of  the  intercept  on  this  axis  to  the  ordi- 
nate at  the  assigned  excitation,  when  expressed  in  percent,  is  the 
percentage  saturation,  and  is  independent  of  the  scales  selected  for 
excitation  and  voltage.  This  ratio,  as  a  fraction,  is  equal  to  the 
reciprocal  of  the  saturation-factor  at  the  same  excitation,  deducted 
from  unity;  or.  if  /  be  the  saturation  factor  and  p  the  percentage 
saturation, 

p  -  100 


(-t) 


64  Magnetic  Degree.  The  360th  part  of  the  angle  subtended,  at  the 
axis  of  a  machine,  by  a  pair  of  its  field  poles.  One  mechanical 
degree  is  thus  equal  to  as  many  magnetic  degrees  as  there  are  pairs 
of  poles  in  the  machine. 

66  The  Variation  in  Prime  Movers  which  do  not  give  an  ab- 
solutely uniform  rate  of  rotation  or  speed,  as  in  reciprocating  steam 
engines,  is  the  maximum  angular  displacement  in  position  of  the  re- 
volving member  expressed  in  degrees,  from  the  position  it  would 
occupy  with  uniform  rotation,  and  with  one  revolution  taken  as  360 
degrees. 

66  The  Variation  in  Alternators  or  alternating-current  circuits 
in  general,  is  the  maximum  angular  displacement,  expressed  in 
electrical  degrees,  (one  cycle*  360  deg.)  of  corresponding  ordinates 
of  the  voltage  wave  and  of  a  wave  of  absolutely  constant  frequency 
equal  to  the  average  frequency  of  the  alternator  or  circuit  in  ques- 
tion, and  may  be  due  to  the  variation  of  the  prime  mover. 
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ion  of  Lhe  prime  ir 
T  that  the  angular 


r       Relations  of  Variations  in  Prime  Mover  and  Alternator.   If  p  is  the 

number  of  pairs  of  poles,  the  variation  of  an  alternator  is  f  limes  the 
direct-connected,  and  pn  times  the 
rigidly  connected  thereto  in  such  a 
r  speed  of  the  alternator  is  n  times  that  of  the 
prime  mover. 

)  The  Pulsation  in  a  Prime  Uover,  or  in  the  alternator  con- 
nected thereto.  The  ratio  of  tlie  difference  between  the  maximum 
and  minimum  vclocilpes  in  an  eneine-cyde  to  the  average  velocity. 

)  Capacity.  The  two  different  senses  in  which  this  word  is  used 
sometimes  lead  to  ambiguity.  It  is  therefore  recommended  that 
whenever  such  ambiguity  is  likely  to  arise,  the  descriptive  term  pouier 
capacity  or  current  capacity  be  used,  when  referring  to  the  power  or 
current  which  a  device  can  safely  carry,  and  that  the  term  "  Capacit- 
ance "  be  used  when  referring  to  the  electrostatic  capacity  of  a  device. 

I  Resistor.  A  device,  heretofore  commonly  known  as  a  resistance, 
used  for  the  operation,  protection,  or  control  of  a  circuit  or  circuits 
See  S710. 

1  Reactor.  A  coil,  winding  or  conductor,  heretofore  commonly 
known  as  a  reactance  coil  ur  choke  coil,  pas.ses^ing  inductance, 
the  reactance  of  which  is  used  for  the  operation,  protection  or  con- 
trol of  a  circuit  or  circuits.     See  also  {  2U  and  788. 

S  Efficiency.  The  efficiency  of  an  electrical  machine  or  apparatus 
is  the  ratio  of  its  useful  output  to  its  tcilal  input, 

TABLE  I. 
)  Symbols  and  Abbreviations. 

Symbol  for  Abbreviation 

Name  of  Quantity.  the  Quantity.  Unit.         for  the  Unit. 

Electromotive  force,  abbre- 
viated e.m.f E.e  volt  .... 

Potential  difference,  abbre- 
viated p.d V,v  at  E,t  "  

Voltage E.eoi  V.t 

Current /,  i  ampere  .... 

Quantity  of  electricity Q,  g  j      coulomb,     1 

\  ampere-hour  J 

Power P,  p  watt  

Electrostatic  flux * 

Electrostatic  flux  density.  .  D  ....  

Electrostatic  field  intensity  F 

Magnetic  Bui (P.  <p  maxwell  

Magnetic  flux   density.  B.  (B  gauss  .... 

[  gilbert  per  gilbert  per 

Magnetic  field  intensity...        H.  X      \      centimeter  cm. 

[   or  gausst  


tThei 


n.lly  X 
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Magnetomotive    force,   ab- 
breviated m.m.f 

Intensity  of  magnetization. 

Susceptibility 

Permeability 

Resistance 

Reactance 

Impedance 

Conductance 

Susceptance 

Admittance 

Resistivity 

Conductivity 


( 


5 
J 

K  =  J/H 

R,  r 
X,  X 
Z,  » 

h 

Y.  y 
P 


gilbert* 


ohm 


Dielectric  constant 

Reluctance 

Capacitance    (Electrostatic 
capacity) 

Inductance  (or  coefHcient 
of  self  induction) 

Mutual  Inductance   (or  co- 
efficient of  mutual  induction) 

Phase  displacement 

Frequency 

Angular  velocity 


€  or  it 

c 

L 
M 

f 

CO 


Velocity  of  rotation 

Number   of   conductors  or 
turns  

Temperature 

Energy,  in  general 

Mechanical  work 

Efficiency 

Length 


Mass. 
Time. 


N 

T,  i.  d 

U  or  W 
W  or  A 

I 

m 

t 


mho 

4« 
I  I 

t  ohm-centi- 
meter 

fmho  per  cen- 
timeter 


ohm-cm. 

mho  per 
cm. 


farad 

henry 

henry 

j  degree  or 

\  radian 
cycle  per  second 

f  radian  per 
second 
revolution 
per  second 
convolution 
or  turns  of  wire 

degree     centi- 
grade 
joule,  watt-hour 

joule,    watt-hour 

per  cent 

centimeter 

gram 

second 


•    •    • 


rev.  per 
sec. 


cm. 

g 

sec. 
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Acceleration  due  to  gravity 

Standard  acceleration  dueto 
gravity  (at  about  45  deg. 
latitudeand  sea  level)  equals 
980.665t 


£o 


centimeter 

cm. 

per  second 

per  sec 

per  second 

per  sec 

centimeter 

cm  .pe 

per  second 

sec. 

per  second 

per  sec 

91       Em,  Im  and  Pm  should  be  used  for  maximum  cyclic  values,  «,  i 
p  for  instantaneous  values,  E  and  /  for  r.m.s.   values   (see    §10) 
P  for  the  average  value  of  the  power,  or    the   active  power.     Tl 
distinctions  are   not   necessary  in   dealing   with    continuous-cun 
circuits.      In  print,  vector  quantities  should  be  represented  by  b( 
face  capitals. 


t'I'his  has  l»tfMi  the  acrcptffl  standarfl  value  for  many  years  and  was  formerly 
siflcrc'l   to  ( i.rrcsi)f»ti(l  acciiriitelv  to  4")     Latitude  and  sea  level.      Later  researt 
howc\'«r.  hnvr  shown   that  the  most  reliable  value  for  45     and  sea-level  is  slig 
rjillrrc'tit ;    Init  this  docs  not  afTci  I  the  standarrl  value  given  above. 
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CLASSIFICATION  OF  MACHINERY 

100  The  machinery  under  consideration  in  these  rules  may  be  classified 
in  various  ways,  these  various  classifications  overlapping  or  inter- 
locking in  considerable  degree.  Briefly,  they  are  Direct- Current 
or  Alternating-Current,  Rotating  or  Stationary.  Under  Rotating 
Apparatus  there  are  two  principal  classifications:  First,  according 
to  the  function  of  the  machines;  Motors,  Generators.  Boosters, 
Motor- Generators,  Dynamotors,  Double- Current  Generators,  Con- 
verters and  Phase  Advancers;  Second,  according  to  the  type  of 
construction  or  principle  of  operation;  Commutating,  Synchronous, 
Induction,  Unipolar,  Rectifying.  Obviously,  some  of  these  machines 
could  be  rationally  included  in  either  classification,  e.g.,  Motor-Gener- 
ators and  Rectifying  Machines. 

In  the  following,  self-evident  definitions  have  for  the  most  part, 
been  omitted. 

ROTATING  MACHINES. 

FUNCTIONAL  CLASSIFICATION  OF  ROTATING  MACHINES. 

101  Generator.  A  machine  which  transforms  mechanical  power  into 
electrical  power. 

102  Motor.  A  machine  which  transforms  electrical  power  into 
mechanical    power. 

108  Booster.  A  generator  inserted  in  series  in  a  circuit  to  change 
its  voltage.  It  may  be  driven  by  an  electric  motor  (in  which  case 
it  is  termed  a  motor-booster)  or  otherwise. 

104  Motor-Generator  Set.  A  transforming  device  consisting  of  a 
motor  mechanically  coupled  to  one  or  more  generators. 

106  Dynamotor.  A  transforming  device  combining  botlv  motor 
and  generator  action  in  one  magnetic  field,  either  with  two  armatures, 
or  with  one  armature  having  two  separate  windings  and  independent 
commutators. 

106  A  Direct-Current  Compensator  or  Balancer  comprises  two  or 
more  similar  direct-current  machines  (usually  with  shunt  or 
compound  excitation)  directly  coupled  to  each  other  and  connected  in 
series  across  the  outer  conductors  of  a  multiple- wire  system  of  dis- 
tribution, for  the  purpose  of  maintaining  the  potentials  of  the  in- 
termediate wires  of  the  system,  which  are  connected  to  the  junction 
points  between  the  machines. 

107  A  Double-Current  Generator  supplies  both  direct  and  alternating 
currents  from  the  same  armature-winding. 

108  A  Converter  is  a  machine  employing  mechanical  rotation  in 
changing  electrical  energy  from  one  form  into  another.  There 
are  several  types  of  converters  at  follow: 
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109  A  Direct -Current  ConTCtter  converts  from  a  direct 
current  to  a.  direct  current,  usually  with  a  change  of  volt- 
age. Such  a  machine  may  be  eithcramotor-generator  set  or  a 
dynaniotor. 

110  A  Synchronous  CouTettet  (sometimes  called  a  Rotary  Con- 
verter) converts  from  an  alternating  to  a  direct  current, 
or  vice-versa.  !t  is  a  synchronous  machine  with  a  single 
closed-coil   armature  winding,  a  commutator  and  slip  rings. 

111  A  Cascade  Converter,  also  called  a  Motor  Converter, 
is  a  eombinaiion  of  an  induction  motor  with  a  synchron- 
ous converter,  the  secondary  circuit  of  the  former  feeding 
directly  into  the  armature  of  the  latter;  i',*,,  it  is  a  synchronous 

r  concatenated  with  an  induction  motor. 


113  A    Frequency    Converter   converts  the  power  of  an   alter- 

nating current  system  from  one  frequency  to  another,  with 
or  without  a  change  in  the  number  of  phases,  or  in  the  voltage. 

113  A     Rotary      Phase -Con  verier     converts     from     an     alter- 

nating-current system  of  one  or  more  phases  to  an  alter- 
naling  current  systtm  of  a  different  number  of  phases,  but 
of   the   same   frequency. 

Hi  A^Phnse  Advancer  is  a  mnchinc  which  supplies  reactive  volt- 
uniiicri's  In  Lhi'  sy.^ilcm  to  whifh  it   is   connected.     Phase  advancers 

116  A  Synchronous  Condenser  or  Synchronous  Phase  Adnmcer 

i,s  a  t^ynthninoiis  machine,  running  either  idle  or  with  load,  the 
fidd  csi.il.-ili"n  r>f  which  may  be  varied  so  as  to  modify  the 
]jowcr-fa(.'tiir  <'{  the  system,  or  through  such  modification  to 
influence  the  load  voltage. 

CONSTRDCTIOMAL  CLASSIFICATION  OF  ROTATING  MACHINES 

Commutating  Machines 

130  Direct'Currenl  Commutating  Machines  comprise  a  mag- 
netic field  of  constant  polarity,  an  armature,  and  a  com- 
mutator connected  therewith.  These  include:  Direct -Current 
Generators;  Uirect-Currcnt  Motors;  Direct-Current  Boosters: 
Direct-Current  Motor -General  or  Sets  anJ  Dynamotors;  Di- 
rcct-Currcnt    Compensators  or  Balancers;  and  Arc  Machines. 

131  Alternating- Current  Commutating  Machines*  comprise  ■ 
magnetic  lieKi  of  alternating  polarity,  an  armature,  and   com- 

133  Synchronous  Commutating  Machines   include  synchronous 

converters,  easeiide-convcrters,  and  double-current  generators, 

133        Synchronous     Machines     comprise     a     constant     magnetic     field 

and      an    armature   receiving  or  delivering   alternating-currents   in 
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synchronism  with  the  motion  of  the  machine;  i,e,,  having  a  frequency 
strictly  proportional  to  the  speed  of  the  machine.  They  may  be 
sub-divided  as  follow: 

184  An  Alternator  is  a  synchronous  alternating- current  genera- 

tor, either  single-phase  or  polyphase. 

186  A  Polyphase  Alternator  is  a  polyphase  synchronous  alterna- 

ting-current generator,  as  distinguished  from   a  single-phaie 
alternator. 

186  An  Inductor  Alternator  is  an  Alternator  in  which 
both  field  and  armature  windings  are  stationary,  and  in 
which  masses  of  iron  or  inductors,  by  moving  past  the  coils, 
alter  the  magnetic  flux  through  them.  It  may  be  either 
single-phase  or  polyphase. 

187  A  Synchronous  Motor  is  a  machine  structurally  identical 
with  an  alternator,  but  operated  as  a  motor.  * 

188  Induction  Machines  include  apparatus  wherein  primary  and 
secondary  windings  rotate  with  respect  to  each  other;  s.e.,  in- 
duction motors,  induction  generators,  certain  types  of  frequency 
converters  and  certain  types  of  rotary  phase-converters. 

189  An  Induction  Motor  is  an  alternating-current  motor,  either 
singlephase  or  polyphase,  comprising  independent  primary  and 
secondary  windings,  one  of  which,  usually  the  secondary,  is 
on  the  rotating  member.  The  secondary  winding  receives 
power  from  the  primary  by  electromagnetic  induction. 

140  An  Induction  Generator  is  a  machine  structurally  identical 
with  an  induction  motor,  but  driven  above  synchronous  speed 
as  an  alternating- current  generator. 

141  Unipolar  or  Acyclic  Machines  are  direct-current  machines,  in 
which  the  voltage  generated  in  the  active  conductors  maintains 
the  same  direction  with  respect  to  those  conductors. 

SPEED  CLASSIFICATION  OF  MOTORS. 

160  Motors  may,  for  convenience,  be  classified  with  reference  to  their 
speed  characteristics  as  follow: 

161  Constant-Speed  Motors,  whose  speed  is  either  constant 
or  does  not  materially  vary;  such  as  synchronous  motors,  in- 
duction motors  with  small  slip,  and  ordinary  direct-current 
shunt  motors. 

162  Multispeed  Motors  (two-speed,  three-speed,  etc.)t  which 
can  be  operated  at  any  one  of  several  distinct  speeds,  these 
speeds  being  practically  independent  of  the  load;  such  as 
motors  with  two  armature  windings,  or  induction  motors  in 
which  the  number  of  poles  is  changed  by  external  means. 

168  Adjustable-Speed  Motors,  in  which  the  speed  can  be  varied 

gradually  over  a  considerable  range,  but  when  once  adjusted 
remains   practically  unaffected  by  the  load;  such  as  shunt 
motors  designed  for  a  considerable  range  of  speed  variatvoxL. 
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M  Vary ing- Speed    Holors,     or    inotors    in    which  the  speed 

variei  with  the  load,  ordinarily  decreasing  when  the  load 
increases;  such  as  series  motors,  com  pound- wound  motors, 
and  series-shunl  motors.  As  a  sub-class  of  ,varying-speed 
motors,  may  be  cited,  adjustable  varying -speed  motors,  or 
motors  in  which  the  speed  can  be  varitd  over  a  considerable 
range  at  any  given  load,  but  when  once  adjusted,  varies  with 
the  toad:  such  as  com  pound -wound  motors  arranged  for 
adjustment  of  speed  by  varying  the  strength  of  the  shunt  field. 

CLASSIFICATION     OF     ROTATING   MACHINES  RELATIVB 
TO   THE   DEGREE   OF   ENCLOSURE    OR  PROTECTION 

(0       The  following  types  are  recognized: 
Open 
Protected 
Semi -en  closed 


H 


Separately  ventilated 
Water- cooled 
Self- ventilated 
Drip- proof 

Submersible 

Explosion -proof 

Explosion- proof  siip-ting  enclosure 

1  An  "open"  machine  is  of  either  the  pedestal -bearing  or  end- 
bracket  type  where  there  is  no  restriction  to  ventilation,  other 
than  that   necessitated  by  good  mechanical  construction. 

1  A  "protected"  machine  is  one  in  which  the  armature,  field 
coils,  and  other  live  parts  are  protected  mechanically  from  acci- 
dental or  careless  contact,  while  tree  ventilation  is  not  materially 
obstructed. 

i  A  "Bemi-enclosed"  machine  is  one  in  which  the  ventilating 
openings  in  the  frame  are  protected  with  wire  screen,  expanded  netal, 
or  other  Suitable  perforated  covers,  having  apertures  not  exceeding 
i  of  a  square  inch  (3,2  sq,  cm,)  in  area. 

1  An   "enclosed"   machine   is   so    completely    enclosed    by    in* 

tegral  or  auniliary  covers  as  to  prevent  a  circulation  of  air  between 
the  inside  and  outside  of  its  case,  but  not  sufficiently  to  be 
termed  air-tight. 

i  A  "  separately  ventilated  "  machine  has  its  ventilating  air  sup- 
plied by  aji  independent  fan  or  blower  external  to  the  machine. 

I  A  "  water-cooled  "  machine  is  one  which  mainly  depends  on  water 
circulation  for  the  removal  of  its  heat. 

r  A  "  self-ventilated  "  machine  differs  from  a  separately  ventilated 
niiichine   niity    in    having   its   ventilating   air   circulated  by    a   fan. 
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168  A  "drip-proof "  machine  is  one  so  protected  as  to  exclude 
falling  moisture  or  dirt.  A  "drip  proof"  machine  may  be  either 
"open"  or  "semi-endosed",  if  it  is  provided  with  suitable  protection 
integral  with  the  machine,  or  so  enclosed  as  to  exclude  effectively 
falling  solid  or  liquid  material. 

169  A  moisture-resisting  machine  is  one  in  which  all  parts  are 
treated  with  moisture-resisting  material.  Such  a  machine  shall 
be  capable  of  operating  continuously  or  intermittently  in  a  very 
humid  atmosphere,  such  as  in  mines,  evaporating  rooms,  etc. 

170  A  "  submersible  "  machine  is  a  machine  capable  of  withstanding 
complete  submersion,  in  fresh  water  or  sea  water,  as  may  be  speci- 
fied, for  four  hours  without  injury. 

171  An  "explosion-proof"  machine  is  a  machine  in  which  the  en- 
closing case  can  withstand,  without  injury,  any  explosion  of  gas  that 
may  occur  within  it,  and  will  not  transmit  the  flame  to  any 
inflammable  gas  outside  it. 

172  An  induction  motor  in  which  the  slip  rings  and  brushes 
alone  are  included  within  an  explosion-proof  case  should  not  be  des- 
cribed as  an  explosion- proof  machine,  but  as  a  machine  "with 
ezplosion-proof  ^ip-ring  enclostire.*' 


STATIONARY  INDUCTION   APPARATUS 

200  Stationary  Induction  Apparatus  changes  electric  energy  to  electric 
energy,  through  the  medium  of  magnetic  energy,  without  mechanical 
motion.     It  comprises  several  forms,  distinguished  as  follow: 

201  Transformers,  in  which  the  primary  and  secondary  windings  are 
ordinarily  insulated  one  from  another. 

202  The  terms  "high-voltage"  and  "low-voltage"  are  used  to  dis- 
tinguish the  winding  having  the  greater  from  that  having  the 
lesser  number  of  turns.  The  terms  "  primary  "  and  "  sec- 
ondary "  serve  to  distinguish  the  windings  in  regard  to  energy 
flow,  the  primary  being  that  which  receives  the  energy  from  the 
supply  circuit,  and  the  secondary  that  which  receives  the  en- 
ergy by  induction  from  the  primary. 

208  The  rated  current  of  a   constant-potential  transformer  it 

that  secondary  current  v.'hich,  multiplied  by  the  rated-load 
secondary  voltage,  gives  the  kv-a.  rated  output.  That  is, 
a  transformer  of  given  kv-a.  rating  must  be  capable  of  de- 
livering the  rated  output  at  rated  secondary  voltage,  while 
the  primary  impressed  voltage  is  increased  to  whatever  value 
is  necessary  to  give  rated  secondary  voltage. 

The  Rated  Primary  Voltage  of  a  constant-potential  trans- 
former is  the  rated  secondary  voltage  multiplied  by  the  turn 
ratio. 

204  The  ratio  of  a  transformer,  unless  otherwise  specified,  shall 

be  the  ratio  of  the  number  of  turns  in  the  high-voltage  wind- 
ing to  that  in  the  low- voltage  winding;  i.e.,  the  "  turn-ratio  " 
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206  The  yoltage  ratio  of  a  transformer  is  the  ratio  of  the  r.m.s. 

primary  terminal  voltage  to   the  r.m.s.   secondary  terminal 
voltage,  under  specified  conditions  of  load. 

206  The  "  current  ratio  "  of  a  current- transformer  is  the  ratio  of 

r.m.s.  primary  current  to  r.m.s.  secondary  current,  under  speci- 
fied conditions  of  load. 

207  The  **  marked  ratio  "  of  an  instrument  transformer  is  the 
ratio  which  the  apparatus  is  designed  to  give  under  aver- 
age conditions  of  use.  When  a  precise  ratio  is  required,  it 
is  necessary  to  specify  the  voltage,  frequency,  load  and  power 
factor  of  the  load. 

208  Volt-Ampere  Ratio  of  Transformers. 

The  volt-ampere  ratio,  which  should  not  be  confused  with 
real  efficiency,  is  the  ratio  of  the  volt-ampere  output  to  the 
volt-ampere  input  of  a  transformer,  at  any  given  power  factor. 

209  Auto-transformers  have  a  part  of  their  turns  common  to  both  pri- 
mary and  secondary  circuits. 

210  Voltage  Regulators  have  turns  in  ^hunt  and  turns  in  series  with  the 
circuit,  so  arranged  that  the  voltage  ratio  of  the  transformation 
or  the  phase  relation  between  the  circuit-voltages  is  variable  at  will 

They  are  of  the  following  three  classes: 

211  Contact  Voltage  Regulators,  in  which  the  number  of  turns 

in  one  or  both  of  the  coils  is  adiustable. 

212  Induction  Voltage  Regulators, in  which  the  relative  positions 

of  the  primary  ani  seconJary  coils  are  adjustable. 

213  Magneto  Voltage  Regulators,  in  which  the  direction  of  the 

magnetic  flux  with  respect  tc>  rhe  coils  is  adjustable. 

214  Reactors,  heretofore  commonly  c.illei  Reactance  Coils,  also  called 
Choke  Coils:  a  form  of  stationary  induction  apparatus  used  to  supply 
reactance  or  to  produce  phase  displacement.      See  also  §82  and  736. 
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METERS  AND  INSTRUMENTS 

16  Although  the  terms  Instruments  and  Meters  are  frequently  used 
synonymously  in  referring  to  electrical  measuring  devices,  the  meter 
departments  of  manufacturing  and  operating  companies  commonly 
use  the  word  "meters"  in  the  colle  tive  sense  to  designate  only  those 
devices  which  register  the  total  energy  or  quantity  of  electricity 
consumed  in  or  supplied  to  a  circuit,  and  reserve  the  term  "instru- 
ments." in  the  collective  sense,  for  all  other  electrical  measuring  or 
indicating  devices. 

l6  In  general,  the  names  of  meters  and  instruments  arc  self-deRning, 
particularly  when  considered  in  connection  with  existing  definitions. 
The  following  terms  are  preferred  to  other  terms  sometimes  used  for 
the  same  devices:  Reactive-Factor  Meter,  Power-Factor  Meter, 
Watt-hour  Meter,  etc. 

27  Crest  Voltmeter.  A  voltmeter  depending  for  its  indications 
upon  the  crest,  that  is  the  maximum  value  of  the  voltage  of  the  system 
to  which  it  is  connected.  These  instruments  are  so  calil)rated  that 
they  indicate  the  r.  m.  s.  value  of  the  sinusoidal  voltage  having  the 
same  crest  value. 

;8  Synchronoscope  (also  called  a  Synchroscope  or  Synchronism 
Indicator).  A  device  which  in  addition  to  indicating  synchronism 
between  two  machines,  shows  whether  the  speed  of  the  incoming 
machine  is  fast  or  slow. 

9  Reactive- Volt-Ammeter  (also  called  a  Reactive- Volt- Ampere 
Indicator).  An  instrument  which  indicates  the  reactive  volt- 
amperes  of  the  circuit  to  which  it  is  connected. 

0  Line  Drop  Voltmeter  Compensator.  A  device  used  in  connection 
with  a  voltmeter  which  causes  it  to  indicate  the  voltage  at  some 
distant  i)oint  of  the  circuit. 

1  Recording  Ammeters,  Voltmeters,  Wattmeters,  etc.,  are  instru- 
ments which  record  graphically  U])on  time-charts  the  values   of    the 
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STANDARDS  FOR  ELECTRICAL  MACHINERY 

960        The  txpressions  '"  machinery  "  and  "  machints  "  are  here   employed 
in  a  general  sense,  in  order  la  abviatt  the  constant  repetition  of  the  words 
"  machinery  or  induction  apparatus." 
SBl        All  temperaturrs  are  to  be  understood  as  centigrade. 
sua        The  expression  "  capacity  "  is  to  be  understood  as  tndtcalini  "  capa- 
bility ",  except  ■where  specifically  qualified,  as,  for  instance,  in  the  case 
of  allusions  to  tltctrostatic  capacity,  i.  e.,  capacitance. 
SBS       Wherever  special  rules  ore  given  for  any  particular  type  of  machinery 
or   apparatus   {such   as   switches,   railiray   motors,   rail-uiay   substation 
machinery,  etc.,  these  special  rules   shall   be  followed,   notviilhstanding 
any  apparent  conflict  with  Ike  provisions  of  the   more   general   sections. 
In  the  absence  of  special   rules   on    any   particular   point,   the  general 
rules  on  this  point  shall  be  follau-ed. 
260       Objects     of     Standaidtzation.      To    ensure     satisfactory     results, 
elecirical  machinery  should  be  specilied  to  conform  to  the  Institute 
Standardizaliun   Rules,  in  order  that  it  shall  compl)',  in  operation, 
with  approved  limitations  in  the  following  respects,  so  far  as  they 
are  applicable. 

Operating  temperature 
Mechanical  strength 
Commutation 
Dielectric  strength 
Insulat 


Wave  shape 
Regulation 
L       Capacity  or  AvaUable  Output  of  aa   Electrical    Machine.     So    far 

as   relates   to    the    purposes    of    these    Standardization    Rules,    the 
Institute  defines  the  Capacity  of  an  Electrical  Machine  as  the  lo»d 
which  it  is  capable  of  carrying  for  a  specilied  time  (or  continuously), 
without   exceeding   in    any  respect  the  limitations  herein    set  forth, 
E;tcept   where   otherwise   specilied,   the   capacity   of  an  electrical 
machine   shall    be    expre  seii  in  terms  of  its  available  output.     For 
exceptions  see  §277  ami  802. 
i        Rating   of   an    Electrical    Machine.     Capacity   should    be  distin- 
guished from  Rating.     The  Rating  of  a  machine  is  the  output  marked 
on  the  Rating  Plate,  and   shall   be   based   on,  but  shall  notexceed, 
the  maximum*  load  which  can  be  taken  from  the  machine  under  pre 
scribed  conditions  of  test.     This  is  also  called   the  rated   output. 
•Tbo  trnn   'niKiiinuin  Load''  dor>  noi  rtf«  lo  loads  applied  solely  (or  mecbcnical 
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5  The  Principle  upon  which  Machine  Ratings  are  based,  so  far  as 
relates  to  thermal  characteristics,  is  that  the  rated  load,  applied 
continuously  or  for  a  stated  period,  shall  produce  a  temperature 
rise  which,  superimposed  upon  a  standard  ambient  temperature, 
will  not  exceed  the  maximum  safe  operating  temperature  of  the 
insulation. 

4  A.  I.  B.  E.  and  I.  £.  C.  Ratings.  When  the  prescribed  conditions 
of  test  are  those  of  the  A.  I.  E.  E.  Standardization  Rules,  the  rating 
of  the  machine  is  the  Institute  Rating.  (See  {620).  When  the 
prescribed  conditions  of  the  test  are  those  of  the  I.  E.  C.f  Rules, 
the  rating  of  the  machine  is  the  I.  E.  C.  rating.  A  machine  so  rated 
in  either  case  may  bear  a  distinctive  sign  upon  its  rating  plate. 

6  Standard  Temperature  and  Barometric  Pressure  for  Institute  Ra- 
ting. The  Institute  Rating  (See  §262)  of  a  machine  shall  be  its  ca- 
pacity when  operating  with  a  cooling  medium  of  the  ambient  tem- 
perature of  reference  (40**  for  air  or  25®  for  water,  see  §806  and 
809)  and  with  barometric  conditions  within  the  range  given  in  §308. 
See  §§806A,  807,  320  and  821. 

6  The  Temperature  Rises  Specified  in  these  Rules  apply  to  all 
ambient  temperatures  up  to  and  including,  but  not  exceeding,  40 ''C. 
for  air  and  25 ''C.  for  water.  (For  definition  of  ambient  temperature 
see  §808.) 

7  Any  Machinery  Destined  for  Use  with  Higher  Ambient  tempera- 
tures of  cooling  mediums,  and  also  any  machinery  for  operation 
at  altitudes  for  which  no  provision  is  made  in  §308,  should  be 
the  subject  of  special  guarantee  by  the  manufacturer.  The  methods 
of  test  and  performance  set  forth  in  these  Rules  will,  however, 
afford  guidance  in  such  cases. 

UNITS  IN   WHICH  RATING  SHALL  BE  EXPRESSED 

I  The  rating  of  Direct-Current  Generators,  shall  be  expressed  in 
kilowatts  (kw.)  available  at  the  terminals  at  a  specified  voltage. 

5  The  rating  of  Alternators  and  Transformers,  shall  be  expressed 
in  kilovolt-amperes  (kv-a.)  available  at  the  output  terminals,  at  a 
specified  voltage  and  power  factor. 

5  It  is  strongly  recommended  that  the  rating  of  motors  shall 
be  expressed  in  kilowatts*  (kw.)  available  at    the    shaft.     (An    ex- 

I.E.C.  stands  for  "International   Electrotechnical  Commission.      This  rating  has  not 

been  established. 

♦Since  the  input  of  machinery  cf  this  class  is  measvired  in  electrical  units  and  since 
the  output  has  a  definite  relation  to  the  input,  it  is  logical  and  desirable  to  measure 
the  delivered  power  in  the  same  units  as  are  employed  for  the  received  power.  There- 
fore, the  output  of  motors  shoidd  be  expressed  in  kilowatts  instead  of  in  horse  power. 
However,  on  account  of  the  hitherto  prevaihng  practice  of  expressing  mechanical 
output  in  horse  power,  it  is  recommended  that  for  machinery  of  this  class  the  rating 
should,  for  the  present,  be  expressed  both  in  kilowatts  and  in  horse  power;  as  follows: 

kw^ approx.  equiv.  h.p. — 

For  the  purposes  of  these  Rules  the  horse-power  shall  l)e   taken  as  746.0   watts. 

In  order  to  lay  stress  upon  the  preferred  future  basis,  it  is  desirable  that  on  Rating; 
plates,  the  Rating  in  kilowatts  shall  be  shown  in  larger  and  more  prominent  charac- 
ters than  the  rating  in  horse  power. 
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J  eeption  lo  Ihit  rul?  u  mixle  in  the  ease   of   Railway    motor*,  "hi 
>mc  purpoic«,  arc  a.\to  taleA  by  Ih^r  input,  tee  i809.) 
AazHiarj     macbinery,    such    as    regulators,    resistors, 

ccr  <ir't>.   stntionary   and   synchronous   condensers,   etc.,    shall 
their    ratings    appropriately     eipressi-d.     It    is    essential 
ipecify   also    the  voltagp  'and  frequency,  it  a-e,,),  of  the  circuits 
which  the  machinery  may  appropriately  be  used. 

KINDS  OF  RATING 

There  are  various  kinds  of  rating  such  as; 

Continuous    RatinE-      A    machine    rated    for    continuous    servjl 
shall  be  able  lo  operate  ontinuously  at  its  rated  output,  without 
edini:  any  of  the  limitations  reftrri-d  lo  in  fi200. 
Short-Time    Ratine-     A    machine   rated    for    short-time  service: 
lervitp    infludinj!    runs    attfrnatinK  with    stop=    of   sullicieni 
duration  lr>  i-nKuri?  substantial  c>i'1inij),  shall  be  able  to  operate  at  its 
ralcil  oulput   ilurinB  n  limili'rl  perioil.  to  be  specified  in  each  case. 
without  eni'i'nling  nny  uf  thd  limitations  referred  to  in  jBBO.      Such 
H  rating  i':  a  short-time  rating. 
t       Nominal  RBtings.     For  raiiwitv  nininrs  and  sometimes  for  railway 
siiliJitnlidn   maihinery.  tcrtuin  nominal  ratings  are  employed.      See 
SS766  iinil  800.     Nominal  ratinRS  for  automobile  propulsion  motors 
;md  Bi-nenLtors  are  lu.l  recommi-nded;  .see  |837. 
I        Duty-Cycle  Operation.  Many  machines  are  operated  on  a  cycle  of 
duty    wbich    repeats   itself   with    more  or  less  regularity.     For  pur- 
poses o(    Mling,  either   a    continuous    or    a  short-time    equivalent 
Iliad,  may   be  selected,   which   shall   simulate  as    nearly  as    possible 
the   thermal   conditions  of  the  actual  duty  cycle. 
i       Standard   durations  of   equivalent  tests  shall    be  for  machines 
npcrniiiij;   iiiiilit  s])L-ciricd  .tuty.cycles  as  follow  (see  also  S836): 
.1  minutes 
10 


.uJt 


J 


ed  lis  being  Ihei 
■  rating  of   10  minutes  dura 


120        • 

nf  these  till-  first  six  ;m-.- ^lu.ri- 
mnlly  c.juiv.ili.nt  1..  ll„'  ^|..-.  liinl 
When,  for  example,  a  short-! 
IS  adopted,  aii.l  the  thermally  equivalent  load  is  25  kw,  for  that 
lieriod,  then  sii<h  a  miu-hine  shall  be  stated  lo  have  a  lO-minute 
r.ilinK^f -.'ikw. 
i  In  every  e:ise  the  eip.ivalenl  sh..rt-tiiiie  test  shall  commence 
only  when  ttie  win.Hii,;-.  :imi  olher  piirtrf  of  the  machine  are  within 
6°C  of  the  ambient  temperature  ai  ihe  time  of  starling  the  test. 
J  In  the  ahscuee  of  any  speeification  as  to  the  kind  of  rating,  the 
understood.' 
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288  Machines  marked  in  accordance  with  (264  shall  be  understood  to 
have  a  continuous  rating,  unless  otherwise  marked  in  accordance  with 
S285 

HEATING  AND  TEMPERATURE 

300  Temperature  Limitations  of  the  Capacity  of  Electrical  Machinery. 

The  capacity,  so  far  as  relates  to  temperature,  is  usually  limited  by 
the  maximum  temperature  at  which  the  materials  in  the  machine,  espec- 
ially those  employed  for  insulation,  may  be  operated  for  long  periods 
without  deterioration.  When  the  safe  limits  are  exceeded,  deteriora- 
tion is  rapid.  The  insulating  material  becomes  permanently  damaged 
by  excessive  temperature,  the  damage  increasing  with  the  length 
of  time  that  the  excessive  temperature  is  maintained,  and  with 
the  amount  of  excess  temperature,  until  finally  the  insulation  breaks 
down. 

301  The  result  of  operating  at  temperatures  in  excess  of  the  safe  limit 
is  to  shorten  the  life  of  the  insulating  material.  This  shortening 
of  life  is,  in  certain  special  cases,  warranted,  when  necessary  for 
obtaining  some  other  desirable  result,  as,  for  example,  in  some  in- 
stances of  railway  and  other  motors  for  propelling  vehicles, 
in  providing  greater  power  within  a  limited  space.  See  {804.  Further 
instances  may  also  be  noted  in  the  cases  of  contactors,  controllers, 
induction-starters, arc-lamp-magnet  windings,  etc.,  designed  and  con- 
structed for  operation  at  relatively  high  temperatures. 

802  There  does  not  appear  to  be  any  advantage  in  operating  at  lower 
temperatures  than  the  safe  limits,  so  far  as  the  life  of  the  insulation 
is  concerned.  Insulation  may  break  down  from  various  causes, 
and  when  these  breakdowns  occur,  it  is  not  usually  due  to  the 
temperature  at  which  the  insulation  has  been  operated,  provided 
the  safe  limits  have  not  been  exceeded. 

308  The  Ambient  Temperature  is  the  temperature  of  the  air  or  water 
which,  coming  into  contact  with  the  heated  parts  of  a  machine, 
carries  off  its  heat.     See  { §309,  310  and  314. 

304  The  cooling  fluid  may  either  be  led  to  the  machine  through  ducts, 
or  through  pipes,  or  merely  surround  the  machine  freely.  In  the 
former  case  the  ambient  temperature  is  to  be  measured  at  the  intake 
of  the  machine  itself.     In  the  latter  case  see  §314. 

306  Ambient  Temperature  of  Reference  for  Air.  The  standard 
ambient  temperature  of  reference,  when  the  cooling  medium  is  air, 
shall  be  40X. 

806A.  Whatever  may  be  the  Ambient  Temperature  when  the  machine 
is  in  service,  the  limits  of  the  maximum  observable  temperature  or 
of  temperature  rise  specified  in  the  rules  should  not  be  exceeded  in 
service;  for,  if  the  maximum  temperature  be  exceeded,  the  insulation 
may  be  endangered,  and  if  the  rise  be  exceeded,  the  excess  load  may 
lead  to  injury,  by  exceeding  limits  other  than  those  of  temperature; 
such  as  commutation,  stalling  load  and  mechanical  strength.  For 
similar  reasons,  loads  in  excess  of  the  rating  should  not  be  taken 
from  a  machine. 
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)•  The  i)ermissible  r:se»  in  teniperaiure  given  in  column  3  of 
tabu  III  giaK^  ZH  have  been  calcoUteJ  (td  (he  baius  of  the  siAndard 
ambient  tern peral ore  of  reference,  by  sabiracting  10'  from  the 
highest  tempeiatUTCS  permiEsible,  •rhich  are  ^iven  in  column  1  of 
the  same  table. 
T  A  machine  may  be  t«it«d  at  any  tx>Qvenient  ambient  temper- 
amre,  prefcfaUy  not  below  15°C.,  but  vhatrMT  bt  tkt  value  o}  this 
amhirti  tfmpftiUurr,  tkt  peimnsiblr  mei  a/  Itmprralure  mui/  nol 
exctid  Iho.f  t'ven  m  column  2  <,J  latU  JJI  pujr  3». 
iS  Altitude.  Increased  altitude  has  the  effect  of  increasing  the  tem- 
perature rise  of  some  types  of  machinery.  In  the  absence  of  in- 
faimation  in  legacd  to  the  height  above  sea  level  at  which  a  machine 
IS  intended  to  work  in  ordinarj'  service,  this  height  is  assumed  not 
to  extecd  IIXX)  meters  (3300  feet. I  For  machinery  operating  at  an 
Bliiiudi?  of  1000  meters  or  less,  a  i-est  at  any  altitude  less  than  1000 
meters  is  satisfactory,  and  no  ctirrection  shall  be  applied  to  the  ob- 
served temperatures.  Machines  inteniJed  for  operation  at  higher 
altitudes  shall  be  regarded  as  special.  See  {267.  It  is  recommended 
that  when  a  machine  is  intended  for  service  at  altitudes  above  1000 
mettT'i  (3300  ft.|  the  permissible  temperature  nse  at  sea  levd,  until 
more  nearly  accurate  information  is  available,  shall  be  reduced  by 
1  per  cent  for  each  100  meters  (330  (I.)  by  which  the  altitude  ex- 
ceeds 1000  meters.  Water  cooled  oil  transformers  are  exempt  from 
this  reduction. 
9  Ambient  Temperature  of  Reference  for  Water-Cooled  Hmehlnmrj, 
For  water-cooled  machinery,  the  standard  temperature  of  reference 
(or  incoming  cooling  water  shall  be  25°  C,  measured  at  the  intakn 
of  the  machine. 
Q  Id  the  testing  of  watsr-eooled  transformers,  it  is  not  neceSMWy  to 
lake  into  account  the  surrounding  air  temperature,  except  where  the 
cooling  effect  of  the  air  is  15  per  cent  or  more  of  the  total  cooling 
effect,  referred  to  the  standard  ambient  temperature  of  reference  of 
25°C.  for  water  and  40°C.  for  air.  When  the  effect  of  the  coohng  air 
is  1.5  per  cent,  or  more  of  \he  toial,  the  temperature  of  the  cooling 
water  should  be  maintained  within  5°C.  of  the  surrounding  air. 
Where  this  is  impractical,  the  ambient  temperature  should  be  de- 
termiiied  from  the  change  in  the  resistance  of  the  windings,  using 
a  disconnected  transformer,  supplied  with  the  normal  amount  of 
cooling  water,  until  the  temperature  of  the  windings  has  become 
constant. 
1  In  the  case  of  rotating  machines,  cooled  by  forced  draught, 
a  convi^ntional  weighted  mean  shall  be  employed,  a  weight  of 
four  being  given  to  the  temperature  of  the  circulating  air  supplied 
through  ducts  (si^e  $304),  and  a  weight  of  one  to  the  surrounding  room 
air.  In  the  case  of  air-cooled  transformers,  see  "  exception  "  {SSI, 
1        Machines  Cooled  by   Other  Means.      Machines  cooled  by  means 

other  Ih^in  .iir  i,r  w:iter  shall  receive  spe^i.il  consideration. 
I       Outdoor  Machinery  Exposed  to  Sun's  Rays.     Outdoor  machinery 
nut  protected  Iroin   the  sun's  lays  at    times   of   heavy  load,    shall 
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1  Exception — A  CorrectiDa  shall  be  applied  to  the  observed  tern 
perature  rise  o(  the  windings  ol  Air-blasI  Iraniformers,  due  to  dif- 
fcrente  in  resistance,  when  Ihe  temperature,  of  the  ingoing  cooling 
air  differs  from  that  of  the  stiuuiard  of  reference.  This  correction 
shall  be  the  ratio  of  the  inferred  absolute  ambient  temperature  of 
reference  to  the  inferred  absolute  temperature  of  the  ingoing  cool- 
ing air,  i.  e.  the  ratio  274.5/(234.6  -f  1);  where  ( is  the  ingoing  cooling- 
air  temperature. 

Thus,  a  coiiling-air  room  temperature  oi  30°C.  would  correspond  to 
an  inferred  absolute  temperature  of  264.5°  on  the  stale  of  copper  re- 
sistivity, and  the  correction  to  40°C.  (274.5°  inferred  absolute  tem- 
perature) would  be  274.6  /  2M.5  =  1.04.  making  the  correction 
factor  1.04;  so  that  an  observed  temperature  rise  of  say  SCC.  at  the 
testing  ambient  temperature  of  30°C.  would  be  corrected  to  SO  X 
1.04  =  52°C.  this  being  the  temperature  rise  which  would  have  oc- 
curred had  the  test  been  Tnade  with  the  standard  ingoing  cooling- 
air  temperature  of  40°C. 

3  Duration  of  Temperature  Test  of  Machine  for  ContiiiuouG  Ser~ 
vice  The  temperature  test  shall  be  continued  until  sufficient  evi- 
dence is  available  to  show  that  the  maximum  temperature  and 
temperature  rise  would  not  exceed  the  requirements  of  the  rules, 
if  the  test  were  prolonged  until  a  steady  final  temperature  was 
reached, 

3  Duration  cJ  Temperature  Test  of  Machine  with  a  Short-Time 
Ratiag.  The  duration  of  the  temperature  test  of  a  machine  with 
a  shi>rt-time  rating  shall  be  the  time  required  by  the  rating. 
(See    ^266  and  286). 

I  Duration  of  Temperature  Test  for  Machine  having  more  than 
One  Rating.  The  duration  of  the  temperature  test  for  a  machine 
with  more  than  one  rating  shall  be  the  time  required  by  that  rating 
which  produi^es  the  greatest  temperature  rise.  In  cases  where  this 
cannot  be  determined  beforehand,  the  machine  shall  be  tested 
separately  under  each  rating. 

i  Temperature  Measurements  during  Heat  Run.  Temperature 
measurements,  when  possible,  shall  be  taken  during  operation,  «s 
well  as  when  the  machine  is  stopped.  The  highest  figures  thus 
obtained  shall  be  adopted.  In  order  to  abridge  the  I oog  heating 
period,  in  the  case  of  large  machines,  reasonable  overloads  of  cur- 
renl,  during  the  preliminary  period,  are  suggested  for  them. 

TEMPERATURE   MEASUREMENTS 
)       The  Life  of  the  Insulation  of  a  Machine  depends  in  great   measure 

upon  the  actual  tLTnperiiiurui  att.iined  by  the  different  pans,  rather 

than  on  the  n.-ics  of  temperature  in  those  parts. 
1       The  Temperatures  in  the  Different  Parts  of  a    Machine   which  it 

would   be   desirable   to   ascertain,   are   the   maximum   temperatures 
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343  As  it  is  Usually  Impossible  to  Determine  the  Maximum  Temperature 

attained  in  insulated  windings,  it  is  convenient  to  apply  a  correction 
to  the  observable  temperature,  which  approximates  the  difference  be- 
tween the  actual  maximum  temperature  and  the  observable  tempera- 
ture by  the  method  used.  This  correction,  or  margin  of  security,  is 
provided  to  cover  the  errors  due  to  fallibility  in  the  location  of  the 
measuring  devices,  as  well  as  inherent  inaccuracies  in  measurement 
and  methods. 

344  In  Determining  the  Temperature  of  Different  Parts  of  a  Machine 

three   methods  are  provided. 

346       Method  No  1.     Thermometer  Method. 

This  method  consists  in  the  determination  of  the  temperature, 
by  mercury  or  alcohol  thermometers,  by  resistance  thermometers, 
or  by  thermocouples,  any  of  these  instruments  being  applied  to  the 
hottest  accessible  part  of  the  completed  machine,  as  distinguished  from 
the  thermocouples  or  resistance  coils  embedded  in  the  machine  as 
described  under  Method   No.  3. 

346  When  Method  No.  1  is  Used,  the  hottest-spot  •  temperature  for 
windings  shall  be  estimated  by  adding  a  hottest-spot  correction  of 
15*C  to  the  highest  temperature  observed,  in  order  to  allow  for  the 
practical  impossibility  of  locating  any  of  the  thermometers  at  the  hot- 
test spot. 

347  Exception.  Wheij  the  thermometers  are  applied  directly  to 
the  surfaces  of  bare  win<lings,  such  as  an  edgewise  strip  conductor, 
or  a  C'cist  copper  winding,  a  hottest-spot  correction  of  S^C  ,  instead  of 
IS^'C,  shall  be  made.  For  commutators,  collector  rings,  bare  metallic 
surfaces  not  forming  part  of  a  winding,  or  for  oil  in  which  apparatus 
is  immersed,  no  correction  is  to  be  applied. 

348  Method    No.   2.     Resistance    Method. 

This  method  consists  in  the  measurement  of  the  temperature  of 
windings  by  their  increase  in  resistance,  corrected*  to  the  instant  of 
shut-down  when  necessary.  In  the  a|)i)lication  of  this  method, 
thermometer  measurements  shall  also  he  made  whenever  practicat)le 
without  disasseml)ling  the  machinet  in  order  to  increase  the 
probability  of  revealing  the  highest  observable  temperature.  Which- 
ever measurement  yields   the   high-.T   temperature,  that  teriiperature 

*\Vher.evfr  a  suiriciL'iit  tunc  has  i.-Uip.scil  l>ct\vpt.-!i  ll;c  instant  of  shut-(lou'u  and 
the  time  of  the  final  teniiterature  nit-asuren;ent  to  permit  the-  temper  iturc  to  fall, 
suitable  corre<tions  shall  I'c  a[>i>lie<l.  so  as  to  ol)taui  as  iiearly  as  praeti'.aMe  the 
temperature  at  the  iiistan*  of  sluit-iUnvn.  This  i  an  sou'ie'.inies  he  ai>pro\iiiiatel v 
efTected  \>y  phAtini.;  a  i.ur\(*,  with  teii',p(,-rature  reailiii).',s  as  orditiales  and  tunes  as 
abscissas,  and  extrapolating'  back  to  the  iiistait  of  shut-down.  In  i.ther  instances, 
acceptable  correction  factors  can  be  api)lied.  In  traTisformers  of  L'O' )  kv-a.  and  less 
the  measvired  teniijerature  shall  be  i:u:reased  one  d<vi^^ree  for  i-'.er\  mitiute  betA-een 
the  instant  of  shut-down   and   the   time  of  the   rinal   tcmiM Tttture   measurement,   i^ro- 
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temperature  determinations,  a  liberal  number  shall  be 
all  reasonable  efforts,  consistent    with    safety,    shall 
locate  them  at  the  various  places  where  the  highest  tei 
likely  to  occur. 

364  Temperature-Detectors  should  be  placed  in  at  lea 
locations.  One  of  these  should  be  between  a  coil-side 
and  one  between  the  top  and  bottom  coil-sides  where 
per  slot  are  used.  Where  only  one  coil-side  per  slot  is  ' 
detectors  shall  be  placed  between  coil-side  and  cort 
between  coil-side  and  wedge. 

366       Method  No.  3  should  be  applied  to  all  stators  of 
cores    having  a  width  of  50  cm.  (20  in.)  and   over. 
be   applied   to  all    machines  of    5000   volts  and  over 
kv-a.,    regardless   of  core  width.     This  method  is  n( 
induction-regulators,  which  shall  be  tested  as  transf 

I  356       Correction  Factor  for  Method  No.  3. — In  the   cas< 

windings,  with  detectors  between  coil-sides,  and  betwe< 
core,  add  5**  C  to  the  highest  reading.  In  single-layer 
detectors  between  coil-side  and  core  and  between  coil-i 
add  to  the  highest  reading  10°  C.  plus  1  °  C.  per  1000  v> 
volts  of  terminal  pressure. 


TEMPERATURE  LIMITS 

375  Table  III,  page  38,  gives  the  limits  for  the  hottest 
tures  of  insulations.  The  permissible  limits 
in  column  1  of  the  Table.  The  limits  of  tei 
permitted  under  rated-load  conditions  are  given 
and  are  found  by  subtracting  40°  C.  from  the  figui 
Whatever  be  the  ambient  temperature  at  the  time  of  t 
of  temperature  must  never  exceed  the  limits  in  co 
table.  The  highest  temperatures,  and  temperature 
in  any  machine  at  the  output  for  which  it  is  rated,  r 
the  values  indicated  in  the  Table  and  clauses  followii 

376  Permissible  Temperatures  and  Temperature  Rises 
Materials.      Table  III  (see  next  page)  gives  the  highe 
and  temperature  rises  to  which  various  classes  of  insu 
may    be  subjected,   based  on   a  standard  ambient 
reference  of  40°C. 

377  No  IE.      The  Institute  recognizes  the  ability  of  m 
f./nploy  Class  15  insulation  successfully  at  maximum 

1  '0°  C.  and  even  higher.      However,  as  sufficient  dc 
pcrience  over  a  period  of  years  at  such  temperaturt 
unavailable,  the  Institute  adopts  125°  C  as  a  conser 
Lhi^  class  of  insulation,  and  any  increase  above  this 
the  Aihiect  of"  special  guarantee  by  the  manufacturer. 
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8Tfl  TABLE    IV 

Permissible    Hottest    Spot    Temperatures    and    Limiting    Obserrabla 
Temperature  Rises   in  Other  than  Wster-Cooled  Machinery 
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SpecU]  C«»«s  oc  Tcinpentnre  limts. 
SU       Temperalnfe  of  Oil-     The  oi]  is  «hk:ii  mpp&ntot  it  pmnsaentljr 
:mi3C7^«d  sbaU  i:.  oo  part  have  s  temperature.  obMrvable  bv  thef- 
roccietej-.  ic  eX'  ess  •-•!  Wi'C 

Id  ibese  ibe  botteet-fpot  lempera- 

IKA  Eocti^ced  Motors  mud  Genetalors.  Is  an  esdused  machiop  (see 
(IM .  the  lircilicg  abseri-able  lEicperatare  and  the  limiting 
ob&erv-able  t  emt-eratnie  rise  shall  he  XAkcs  as  b*C  higher  than  in 
TaUelV,  Thisjsncit  lobescteTpr^ed  af  an  increase  in  the  permiss' 
ibJe  hottest  spot  lemp«»tiire.  but  is  in  recogmtion  ai  the  lesser 
differcDce  beiBeea  the  holie&t  spat  lempaaicTe  and  the  observable 
teiEi'tTatTire  rittin  an  enclosed  inachice^  Tbij  rale  doe?  not  apply 
i'_.  those  lypeE  of  raachices  aef.r.ed  in  iilM,  l&S  and  167. 

SST       Railwaj  Motor  Tempentnte  LimitE,  s?>  f8M  and  S0& 

SBTA.      Automobile  ProptilsioD  Motors  uti  Geueralors,  see  fSSB. 

tU  SfBinel-CsEe  and  Amortissetir  Windines-  In  many  cases  the 
i-isuIaliTTi  tif  su;h  wirj  jicgF  i?  laigHy  fi'i  the  purpose  t-f  making 
the  conduc:tiTs  St  tighliy  :n  th«i  slots,  and  the  slightest  eflective 
:DSuIaticin  is  ample.  In  other  cases,  there  is  practically  no  tnsulB- 
ting  materia]  on  the  windings-  Consequently,  the  temperature 
ri?«  iTjay  be  ti  any  value  ?ueh  as  will  noi  occasion  mechanical  in- 

SB9  Collector  Rings.  The  temperature  of  collector  rings  shall  not  be 
permiHed  to  ejiceed  the  "  hotlest-ppot  "  values  set  forth  in  {STC  and 
879  fo;  Itie  inFulationf  employed  either  in  the  collector  rings  them- 
selves, 'ji   in   adiarent   insulalions   whose  life  would   be   affected  by 

the  heal  from  ihe  collrttor  rings, 

no  Commutators.  The  observable  temperature  shall  in  no  case  be 
permitted  to  eiceed  the  values  given  in  E376  and  J78  far  the  in- 
sulation employed,  either  m  the  c'.>m:iiiitatoT  or  in  any  insulation 
Bh'.se  life  wnul'd  be  affected  by  the  heal  of  the  commutator.  These 
temperature  limits  are  intended  only  lo  protect  the  insulation  of  the 
(■'.■mmutat'T  and  (^f  the  adiacent  parts,  and  are  not  intended  as  a 
criterion  of  Fucief^sful  commutation.     See  S402- 

S91  Cores.  The  temprrature  of  those  parts  of  the  iron  core  in 
contact  with  insulating  mateiials  in-jsl  not  be  such  as  to  occasion 
in  those  insulating  materials  temperatures  or  temperature  rises  in 
excess  of  those  set   lonh  in    S376  and  379. 

393  Other  parts,  such  as  brush -holders,  hrushes  bearings,  pole-tipi, 
cores,  etc. '  -MI  parts  of  electrical  machinery  other  than  those 
who^e  temperature  affet-ts  the  temperature  of  the  insulating  ma- 
terial,  n^ay   be   ':ipcratr '   at   such   temperature;  as  shall   not   be  in- 
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METHODS  OF  LOADING  TRANSFORMERS  FOR  TEMPERATURE 

TESTS 

898  Whenever  practicable,  transformers  should  be  tested  under  con- 
ditions that  will  give  losses  approximating  as  nearly  as  possible 
to  those  obtained  under  normal  or  specified  load  conditions,  main* 
tained  for  the  required  time  (See  §822  to  824).  The  maximum  tem- 
perature rises  measured  during  this  test  should  be  considered  as  the 
observable  temperature  rises  for  the  given  load. 

An  approved  method  of  making  these  tests  is  the  "  loading-back  " 
method.     The  principal  variations  of  this  method  are: 

894  With  duplicate  single-phase  transformers. 

Duplicate  single-phase  transformers  may  be  tested  in  banks  of 
two,  with  both  primary  and  secondary  windings  connected  in  par- 
allel. Normal  magnetizing  voltage  should  then  be  applied  and  the 
required  current  circulated  from  an  auxiliary  source.  One  trans- 
former can  be  held  under  normal  voltage  and  current  conditions, 
while  the  other  may  be  operating  under  slightly  abnormal  con- 
ditions. 

895  With  one  three-phase  transformer. 

One  three-phase  transformer  may  be  tested  in  a  manner  similar 
to  §394  provided  the  primary  and  secondary  windings  are  each  con- 
nected in  delta  for  the  test.  Normal  three-phase  magnetizing  volt* 
age  should  be  applied  and  the  required  current  circulated  from  an 
auxiliary  single-phase  source. 

896  With  three  single-phase  transformers. 

Duplicate  single-phase  transformers  may  be  tested  in  banks  of 
three,  in  a  manner  similar  to  §396  by  connecting  both  primary  and 
secondary  windings  in  delta,  and  applying  normal  three-phase 
magnetizing  voltage  and  circulating  the  required  current  from  an 
auxiliary  single-phase  source. 

897  Note: —  Among  other  methods  that  have  a  limited  application 
and  can  be  used  only  under  special  conditions  may  be  mentioned — 

(1)  Applying  dead  load  by  means  of  some  form  of  rheostat. 

(2)  Running  alternately  for  certain  short  intervals  of  time  on 
open  circuit  and  then  on  short  circuit,  alternating  in  this  way  until 
the  transformer  reaches  steady  temperature.  In  this  test,  the  vol- 
tage for  the  open-circuit  interval  and  the  current  for  the  short-circuit 
interval  shall  be  such  as  to  give  the  same  integrated  core  loss,  and 
the  same  integrated  copper  loss,  as  in  normal  operation. 

ADDITIONAL  REQUIREMENTS 

898  Short-Circuit    Stresses. 

The  Institute  recognizes  the  self-destructibility,  both  mechanical 
and  thermal,  of  certain  sizes  and  types  of  machines,  when  subjected 
to  severe  short-circuits,  and  recommends  that  ample  protection  be 
provided  in  such  cases,  external  to  the  machine  if  necessary. 
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OTM-Sp»«(U. 

ns       All  Typei  ol  Rotating  Uachlnea  shall  be    sa   constructed 
they  will  safely  nilhstand  an  over-speed  of  2fi  per  cent,  except  in 
ease  ci  steam  turbines,  which.  *hen  equipped  with  emergency  go 
nors,  nhall  be  constructed  to  withstand  20  per  cent  over-speed. 

400  In  the  caie  of  SeiieE  Motors,  it  is  impracticable  to  specify  per 
lage  valuL'9  for  the  guaranteed  over-speed,  on  account  of  the  var 

401  Watet-wheel  Geoeratora  shall   be   constructed   for  the   maxin 

runawayspeed  whith  can  be  attained  by  the  combined  unit. 

HOineniary  Loads. 

403  Continuouily  Rated  Machines  shall  be  required  to  carry  mot 
lary  loads  of  150  per  cent  of  the  amperes  corresponding  to  the  i 
tinuoufi  rating,  keeping  the  rheostat  set  for  rated  load  excitat 
(See  1281,  761  and  803.)  and  commutating  machinery  shall  c 
mutate  successfully  under  this  condition.  Successful  comm 
tion  in  such  that  neither  brushes  nor  commutator  are  injured 
Ihe  test.  In  the  case  of  J irect- connected  generators,  this  ch 
is  nut  til  be  interpreted  as  reiiuiring  the  prime  mover  to  drive 
(tencralor  at  this  overload, 

403  Machines  for  duty-cycle  operalioii  shall  be  rated  according 
lln'ir  f^duulcni  h.H.l,  eiihenin  Ldu  short- limi:  ur  continuous  basis, 
if  intended  fur  upcralion  uilli  »'iJ<:Jy  tlucluaCing  londa,  shall  com 
tate  successfully  under  their  specified  operating  conditioas.  See|: 
380. 

404  Stalling  Torque  of  Motors 

Mi.lois  for  cuiiliiiuous  M^rviccshall, except  when  otherwise  specil 
111'  ri'c|iiiieil  to  develop  u  running  torque  at  least  176  per  cen 
thul  ciirresponding  lo  Ihi-  running  torque  at  their  rated  load,  w 
..lit  stiilliuK. 

(Ibviuusly,  iluty-i'yol.'  machines  must  carry  their  peak  loads  w 
out  stalling. 

WAVE    FORM 

■iilcru-d   as   standard,  except   w1 
ni  is  iiiliercnl   in   the  operation  of  the   systen 

aviation  of  wave  form  from  the  sinusoidal  is  determined 
inn  iipc"  llie  iictu.il  wave, (as  determined  by  oscillograph). 
It    sine  wave  of  equ.il  len|;th,  in  such  a  manner  as  to  ] 

liilfereiice  between  ordinates.  and  then  dividing 
II  .iilTeri-nce  between  corresponding  ordinates  by  the  m 
ue  "f  the  equivalent  sine  wave.  A  maximum  deviatioi 
in;il  vi.lIaKe  wave  on  open  circuit  from  sinusoidal  sh 
ediiig    HI  per    eenl    i,-;    permissible,  except  when  others 
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EFFICIENCY  AND  LOSSES 

420  Machine  Efficiency  is  the  ratio  of  the  power  delivered  by  the 
machine  to  the  power  received  by  it. 

421  Plant  or  System  Efficiency  is  the  ratio  of  the  energy  delivered  from 
the  plant  or  system  to  the  energy  received  by  it  in  a  specified  period 
of  time.*  In  calculating  plant  or  system  efficiency  it  may  be  desir- 
able to  calculate  the  losses  in  each  individual  machine  or  part  of 
the  system  at  the  actual  temperature  of  that  machine  or  part  during 
the  specified  interval.  These  losses  may  be  appreciably  different 
from  the  losses  at 7.5* C,  which  lattershall  be  the  standard  temperature 
of  reference  for  all  efficiency  guarantees.     See  §432. 

428      In  the   Case   of   Machinery  two   Efficiencies     are  ftecognized, 

conventional  efficiency  (see  §423)  and  directly  measured  efficiency. 
Unless  otherwise  specified,  the  conventional  efficiency  is  to  be 
employed.  When  the  efficiency  of  a  machine  is  stated  without 
specific  reference  to  the  load  conditions,  rated  load  is  always  to  be 
understood  whether  the  efficiency  be  the  conventional  or  directly 
measured  efficiency. 

428  Conyentional  Efficienty  of  machinery  is  the  ratio  of  the  output  to 
the  sum  of  the  output  and  the  losses;  or  of  the  input  minus  the  losses 
to  the  input;  when,  in  either  case,  conventional  values  are  assigned 
to  one  or  more  of  these  losses.  The  need  for  assigning  conventional 
values  to  certain  losses,  arises  from  the  fact  that  some  of  the  losses 
in  electrical  machinery  are  practically  indeterminable,  and  must,  in 
many  cases,  either  be  approximated  by  an  approved  method  of  test, 
or  else  values  recommended  by  the  Institute  and  designated  "  con- 
ventional'* values  shall  be  employed  for  them  in  arriving  at  the  "con- 
ventional efficiency." 

426  Directly-Measured  Efficiency.  Input  and  output  determinations 
of  efficiency  may  be  made  directly,  measuring  the  output  by  brake, 
or  equivalent,  where  applicable.  Within  the  limits  of  practical 
application,  the  circulating-power  method,  sometimes  described  as 
the  Hopkinson  or  "  loading-back**  method,  may  be  used. 

426  Values  of  the  Indeterminate  Losses  may  also  be  obtained  by 
brake  or  other  direct  test,  and  used  in  estimating  actual  efficiencies 
of 'similar  machines,  by  the  separate-loss  method. 

427  Normal  Conditions.  The  efficiency  shall  correspond  to,  or  be 
corrected  to,  the  normal  conditions  herein  set  forth,  which  shall  be 
regarded  as  standard.  These  conditions  include  voltage,  current, 
power-factor,  frequency,  wave-shape,  speed,  temperature,  or  such 
of  them  as  may  apply  in  each  particular  case. 

428  Measurement  of  Efficiency.  Electric  power  shall  be  measured 
at  the  terminals  of  the  apparatus.  In  polyphase  machines,  sufficient 
measurements  shall  be  made  on  all  phases  to  avoid  errors  of  unbalance. 

429  Point  at  Which  Mechanical  Power  Shall  be  Measured.  Mechani- 
cal power  delivered  by  machines,  shall  be  measured  at  the  pulley, 

*An  exception  should  be  noted  in  the  case  of  the  efficiency  of  storacce  b«U«t\M^. 
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..  ..Hi^.  1  ^v>u|)hiiK,  on  the  rotor  shaft,  thus  excluding  the  loss  of 
,.  ..wj   «ii  Uk-  tK-lt  or  gear  friction.     See,  however,   an  exception -in 

,10       Ihu  Efficiency  Specified  for  Alternators  and  Transformers  shall 

t.(  >!  ilu"  I  alio  of  the  kilowatt  output  to  the  kilowatt  input  at  the 
laiiil  k\   a    ami  power  factor. 

ijli     bffitiency  of  Alternating-Current  Machinery  in  regard  to  WayeShape. 

in  (Iftennining  the  efficiency  of  alternating-current  machinery, 
the  Hi\w  wave  is  to  be  considered  as  standard,  unless  a  different  wave 
form  IS  inherent  in  the  operation  of  the  system.     See  (406. 

4ISI       Temperature    of  Reference    for    Machine  Efficiency.      The   effi- 

(  H-iK  y,  at  all  loads,  of  all  apparatus,  shall  be  corrected  to  a  refer- 
«'ii<<-  temperature  of  75°C,  but  tests  may  be  made  at  any  con- 
venient ambient  temperature,  preferably  not  less  than  15*'C.  See 
||i348  and  446. 

488       The  losses  in  constant-potential  machinery,  either  of  the  stationary 

type,  or  of  the  constant-speed  rotary  type,  are  of  two  classes;  namely, 
those  which  remain  substantially  constant  at  all  loads,  and  those 
which  vary  with  the  load.  The  former  include  iron  losses,  windage 
and  friction,  also  PR  losses  in  any  shunt  windings.  The  latter 
include  I'R  losses  in  series  windings.  The  constant  losses  may  be 
determined  by  measuring  the  power  required  to  operate  the  machine 
at  no  load,  deducting  any  series  I^R  losses.  The  variable  loss  at 
any  load  may  be  computed  from  the  measured  resistance  of  the  series 
windings  and  the  given  load  current. 

434       Stray   Load  Losses.     The  above  simple   method  of  determining 

the  losses  and  hence  the  cfliciency  is  only  approximate,  since  the 
losses  which  are  assumed  to  be  constant  do  actually  vary  to  some 
extent  with  the  load,  and  also  because  the  actual  loss  in  the  copper 
windings  is  sometimes  appreciably  greater  than  the  calculated  I'R 
loss.  The  difference  between  the  approximate  losses,  as  above  de- 
termined, and  the  actual  losses,  is  termed  the  "  stray  load  losses  ***. 
These  latter  are  due  to  distortions  in  electric  or  magnetic  fluxes 
from  their  no-load  distributions  or  values,  brought  about  by  the  load 
'^nrrent.  They  are  usually  only  approximately  measurable,  or  may 
"•^-'ble. 
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TABLE  V 
Classification  of  Losses  in  Machinery 

436       Losses  in  machinery  may  be  classified  as  follows: 


Accurately  Measurable 
or  Determinable 

Approximately 

Measurable  or 

Determinable 

Indeterminable 

a.  No- Load  Core  Losses 
including       eddy-current 
losses    in    conductors   at 
no-load 

c.  Brush  Friction 
Loss 

h.    Iron  Loss  due  to 
flux  distortion. 

b.  Load  PR  losses  in 
windings 

No-Load  I*R  losses  in 
windings 

d.  Brush-Contact 
Loss 

«.  Eddy- Current  losses 
in  conductors  due  to 
transverse  fluxes  oc- 
casioned by  the  load 
currents. 

e.  Losses  due  to  wind- 
age and  to   bearing 
friction 

k .  Eddy-  Curren  t  losses 
in  conductors  due  to 
tooth  saturation  re- 
sulting from  distor- 
tion of  the  main  flux. 

/.    Extra  copper  loss 
in  transformer  wind- 
ings,   due    to    stray 
fluxes  caused  by  load 
currents 

/.  Tooth-frequency 
losses  due  to  flux  dis- 
tortion   under   load. 

g.    Dielectric  Losses. 

m.  Short- Circuit  Loss 
of  Commutation. 

436  Evaluation  of  Losses.  The  larger  individual  losses  are  either 
accurately*  or  approximately  determinable,  but  certain  of  the  in- 
determinable losses  reach  values  in  various  kinds  of  machinery 
which  require  that  they  should  be  taken  into  account. 


LOSSES  TO  BE  TAKEN  INTO  ACCOUNT  IN  VARIOUS  TYPES 

OF  MACHINES 

440      Direct-Current  Commutating  Motors  and  Generators. 

Core  losses.     See  §462. 

I'R  loss  in  all  windings. 

Brush  contact  I'R  loss.  Unless  otherwise  specified,  use  the  In- 
stitute Standard  of  1  volt  for  contact  drop  per  brush;  t.  e.,  2  volts 
for  total  brush  drop,  either  carbon  or  graphite  brushes.  (See  §§464 
and  819) .  In  the  case  of  low  voltage  automobile  propulsion  motors 
and  generators  this  loss  should  be  determined  experimentally;  see 
§839. 

Friction   of   bearings   and    windage. 

Rheostat  losses,  when  present. 

Brush  friction. 
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All     iDdetentuaAbtF      load     lossci      (ladcdine     stray-Ecad     troo 

lossesj  which  ma;  be  imporUDt.  shicb  vary  wiLh  the  dnigs.  and  for 

which  no  salisfactorjr  method  of  <lcimitioaltoa  haf  b«eD  fomid,  shall 

be  included  as  lero  per  cent  m  e«timatLn£  coavmtwnal  tfficiencT, 

1       SfncliTODOiM  Uotar*  and  Generators. 

a,re    lui^s      See  HB3. 

I'R    lo»  in  all  winilir.g-^.    ':,mi  upoa  rated   k'Va-  and   power 

Stray  load-tr/isei.  In  approxicnstirig  these  losses,  the  raettiod 
described   in   |46S  ^hall  be  employed. 

P  net  ion  of  bearings  and  windage. 

Brush  friftion  and  brush -contact  loss  is  negligible,  oco^t   in 

the  case  of  revolving  armattiie  machines- 
Rheostat  loisei,  when  fiTt^ent.  currespoiaiinE  to  rated  Itv-a.  and 
power  factor. 
1       Induction  Hachinec. 

Cie    losse'i.      bee  H62. 

[*R  losses  m  all  windmg^. 

Stray  load  Idssci,  In  approxiiriattng  these  loises,  the  method 
described  in  fiS*  'hal!  be  employed 

Brush   friction    when    collector    rings  are  presest. 

Brush^coDlact  loss-  Unless  otherwise  specified,  use  the  Insti- 
tute Standard  of  1  volt  for  contact  drr)p  per  brush,  (or  cither 
carbon   or   graphite  brushes.      See  |4M. 

F.iction  t,f  UarinKS  and  windage. 

I       Commutating  A-C.  Haehines 

Core  losses.     See  He3. 

I'R  losses  in  ail  windings. 

Brush  friction. 

Brush-contact  loss.  Unless  otherwise  specified,  use  the  Insti 
tute  Standard  of  I  volt  for  contact  drop  per  brush,  for 
either  carbon  or  graphite  brushes.      See  |4H  and  Bit. 

Friction  of  bearinKS  and  windage. 

Short-circuit  loss    of  comt 


Iron   loss  due   to   flu^   di 

.-,r- 

lime  prepared  to  make  recom- 

F-ddy-current   losses    dur 

t. 

mendations  fur  approximatinx 

iuies     varying     wuh 

.,ad 

these  losses. 

and    saturation. 

Synchtongus  Converters. 

Core  losses.     See   J4G3. 

I'K  losses  in  all  nindiii^s,  b.ised  on  r^ted  kw.  and  unity  power 
factor.  The  PR  losses  in  the  armature  winding  shall  b« 
derived  from  those  corresponding  to  its  use  as  a  direct- 
current  generator,  by  using  -uit:ilili-  factors. 

Bru,h  fri^(-.,ii. 

Rheostat  losses  when  present,  corresponding  to  rated  kir.  and 


STANDARDIZATION  RULES  OF  THE  A,  L  E.  E  1593 

Brush-contact  loss.  Unless  otherwise  specified,  use  the  Insti- 
tute Standard  of  1  volt  for  contact  drop  per  brush,  for 
either  carbon  or  graphite  brushes.      See  |4M. 

Short-circuit  loss  of  commuta- 


These  losses,  while  usually  of 
low  magnitude,  are  erratic, 
and  the  Institute  is  not  at 
this  time  prepared  to  make 
recommendations  for  approxi- 
mating them. 


tion. 

Iron  loss  due  to  flux  distor- 
tion  when  present. 

Eddy-current  losses  due  to 
fluxes  varying  with  load 
and    saturation. 

Friction  of  bearings  and  windage. 

For  the  booster  type  of  synchronous  converter,  where  the 
booster  forms  an  integral  part  of  the  unit,  its  losses  shall 
be  included  in  the  total  converter  losses  in  estimating  the 
efficiency. 

446       Transformers 

No-load  losses.     These  include  the  core  loss,  and  the  I'R  loss 

due  to  the  exciting  current,  also  the  dielectric  loss  in  the 

insulation.     (See  §470). 
Load  losses.     These  include  I*R  losses,  and  stray  load-losses 

due  to  eddy  currents  caused  by  fluxes  varying  with   load. 

(See  §471). 

DETERMINATION    OR   APPROXIMATION    OF   LOSSES  IN 

ROTATING    MACHINERY 

460  Bearing  Friction  and  Windage  may  be  determined  as  follows. 
Drive  the  machine  from  an  independent  motor,  the  output  of  which 
shall  be  suitably  determined.  The  machine  under  test  shall  have  its 
brushes  removed  and  shall  not  be  excited.  This  output  represents 
the  bearing  friction  and  windage  of  the  machine  under  test. 

The  bearing  friction  and  windage  of  induction  motors  may  be 
measured  by  running  motors  free  at  the  lowest  voltage  at  which 
they  will  rotate  continuously  at  approximately  rated  speed;  the 
watts  input,  minus  I'R  loss,  under  these  conditions  being  taken 
as  the  friction  and  windage. 

In  the  case  of  engine- type  generators,  the  windage  and  bearing 
friction  loss  is  ordinarily  very  small, amounting  to  a  fraction  of  one 
per  cent  of  the  output.  In  these  rules  this  loss  is  neglected  owing 
to  its  small  value  and  the  difficulty  of  measuring  it. 

461  Brush  Friction  of  Commutator  and  Collector  Rings.  Follow  the 
test  of  |460,  taking  an  additional  reading  with  the  brushes  in  contact 
with  the  commutator  or  collector  rings.  The  difference  between  the 
output  obtained  in  the  test  in  |460  and  this  output  shall  be  taken  as 
the  brush  friction.  Note:  The  surfaces  of  the  commutator  and 
brushes  should  already  be  smooth  and  glazed  from  running  when 
this  test  is  made. 

462  Core  Loss.  Follow  the  test  of  §461  with  an  additional  reading 
taken  in  a  similar  manner,  except  that  the  niiachine  is  to  be  eiL<»X«^ 
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ta  ^t  lf>  pT-Mjac*  at  the  tennmaU  »  voltage  corrcspoodiog  to  the  eal- 
cnljtted  ititmtal  voltage  for  Ifac  Ujad  under  cooaderatioa.  The 
■lifference  bc'veec  the  output  obtameil  by  this  test  aod  that  obtainei] 
ny  len  ati'Ier  Sec-  4f  1  shall  be  taken  as  the  core  loss. 

tot  SjachronoDS  Hachiaes,  the  internal  voltage  shall  be 
determiced  bv  cnrrecting  the  terminal  voltage  for  ibe  resist- 
ain.<  <Jrfip  ooly. 

Tlie  Coie  I>««s  of  IndvctioD  Motors  may  be  detenniael  by 
measuring  the  watts  input   to  the  tooior  when  mniimE  ft*e 
3c   rated   vUtage  and   frequeocy  and  subtrac.iag  thCTe£rois 
the  n  j-Ioaii  copper  lijss,  beariag  friction  and  windage. 
t       The  Bmsb-Contact  I*K  L«w  depends  largely  upon  the  tnatenal  of 
mhich  the  bnish  is  composed.     As  indicating  the  range  of  variatios  ,■ 
the  toXlominz  table  will  be  c(  interest:  ■ 

TABLE   VL  ' 

Brush' Contact  Drop. 


Hud  CirboD  1   1 

Soft  Cirboo  CI  B 

Graphlu  0  £  to  0  a 

Ucul-Gctp>uu  irp«  G  IS  to  0  S  CTh<  lotiaa  foi  lutcM  ^nporXioa 


One  volt  drop  per  brush  shall  be  considered  as  the  Institute  Stand- 
ard drop  corresponding  to  the  I*R  brush-contact  loss,  for  car-. 
bon  and  graphite  brushes.  Metal- graphite  brushes  shall  be  con* 
sidered  as  special.      See  (819. 

;s   shall   be  included   in   the  generator  losses 
rheostat   in   series  with  the  field  magnets  of 
the  generator,  even  when  the  machine  is  separately   e:(Cited, 

i  Vealilating  Blower.  When  a  blower  is  supplied  as  part  of  a 
machine  set,  the  power  required  to  drive  it  shall  be  charged  against 
the  complete  unit;   but  not  against  the  machine  alone. 

r  Losses  in  Other  A uziliar;  Apparatus.  .Au^iiliary  apparatus,  such  as 
a  separate  e?iciter  for  a  generator  or  motor,  shall  have  its  losses 
charged  against  the  plant  of  which  the  generator  and  exciter  are 
a  part,  and  not  against  the  generator.  An  e.tception  should  be 
noted  in  the  case  of  turbo-generator  sets  with  direct -con  nee  ted 
exciters,  in  which  case  the  losses  in  the  e^iciter  shall  be  charged 
against  the  generator.     The  actual  energy  of  excitation  and  the 
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li eld-rheostat  losses,  if  any,  (see  §466)  shall  be  charged  against  the 
generator. 

468  Stray  Load-Losses  in  Synchronous  Generators  and  Motors.  These 
include  iron  losses,  and  eddy-current  losses  in  the  copper,  due  to 
fluxes  varying  with  load  and  also  to  saturation. 

Stray  load-losses  are  to  be  determined  by  operating  the  machine 
on  short  circuit  and  at  rated-load  current.  This,  after  deducting  the 
windage  and  friction  and  I'R  loss,  gives  the  stray  load-loss  for 
polyphase  generators  and  motors.  These  losses  in  single-phase 
machines  are  large;  but  the  Institute  is  not  yet  prepared  to  specify 
a  method  for  measuring  them. 

469  Stray  Load-Losses  in  Induction  Machines. 

These  include  eddy-current  losses  in  the  stator  copper,  and  other 
eddy-current  losses  due  to  fluxes  varying  with  the  load.  In  wind- 
ings consisting  of  relatively  small  conductors,  these  eddy-current 
losses  are  usually  negligible. 

With  rotor  removed,  measure  the  power  input  to  the  stator  with 
different  values  of  current  at  the  rated  frequency.  The  curve  plotted 
with  these  values  gives  the  combined  I^R  and  stray  load-losses  due 
to  eddy  currents  in  the  stator  copper.  Deduct  the  I'R  loss  deter- 
mined from  the  resistance,  and  the  difference  will  represent  the  stray 
load-losses  corresponding  to  the  various  currents.  While  this  method 
is  not  accurate  for  some  types  of  motors  it  usually  represents 
a  sufficiently  good  approximation. 

460  Polyphase  Induction- Motor  Rotor  I^  Loss.  This  should  be  de~ 
termined  from  the  slip,  whenever  the  latter  is  accurately  determinable, 
using  the  following  equation: 

Rotor  1*R  loss  -  -^"'P"*  ^  '"" 


1  -  slip 

In  large  slip-ring  motors,  in  which  the  slip  cannot  be  directly  meas- 
ured by  loading,  the  rotor  I'R  loss  shall  be  determined  by  direct 
resistance  measurement;  the  rotor  full-load  current  to  be  calculated 
by  the  following  equation: 

^  watts  output 

Current  per  ring  — 


rotor  voltage  at  stand-still  X  v  3  X  K 

This   equation   applies   to   three-phase   rotors.     For   rotors   wound 

for  two  phase,  use  2  instead  of  the  \/3.  K  may  be  taken  as  0.06 
for  motors  of  150  kw.  or  larger.  The  factor  K  usually  decreases 
as  the  size  of  motor  is  reduced,  but  no  specific  value  can  be  stated 
for  smaller  sizes. 

DETERMINATION    OR    APPROXIMATION    OF    LOSSES    IN 

TRANSFORMERS 

470       No-Load  Losses.     These  shall  be  measured  with  open  secondary 
circuit  at  the  rated  frequency,  and  with  an  applied  primary  volt&^<& 
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giving  the  rated  sinvDtlary  voltage  plus  the  IR  drop  which  occnrs 
ia  the  Kecondary  under  rateil  liud  conditions. 
1  Load  LosBCS.  Tlie^  incluile  T'R  and  stray  load-losses.  Thej 
shall  be  measured  by  applying  a  primary  t'oliage.  pre/erably  at  rat«d 
frequency,  sufBcient  to  produce  rated  load  current  in  the  winding:^, 
with  the  secondary  windings  short  circuited. 

DIELECTRIC  STRENGTH  TESTS  OF  MACHINERy 

0  Buis  for  Determiniag  Test  Voltages.     The  test  voltage  which 

shall  be  applied  to  determine  the  suitability  of  insulation  for  com- 
mercial operation  is  dependent  upon  the  kind  and  siie  of  the  ma- 
chinery, and  its  normal  operating  voltage,  upon  the  nature  of  the 
service  in  which  it  is  to  be  used,  and  upon  the  severity  of  the  me- 
chanical and  electrical  stresses  to  nhich  it  may  be  subjected.  The 
voltages  and  other  conditions  of  lest  which  are  recommended, 
have  been  determined  as  reaionable  and  proper  for  the  great  majority 
of  cases,  and  are  proposed  tor  genera]  adoption,  except  when  specific 
reasons  make  a   modification   desirable. 

1  Condition  of  Hictainery  to  be  Tested.  Commercial  tests  shall, 
in  genera],  be  made  with  the  completely  assembled  machinery 
and  not  with  individual  parts.  The  machinery  shall  be  in  good 
condition,  and  high-vnltage  tests,  unless  otherwise  specified,  shall  be 

not  be  applied  when  the  insulation  resistance  is  low  owing  to  dirt  or 
moisture.  High-voltage  tests  shall  be  made  at  the  temperature  aa- 
sumed  under  nornial  operation  or  at  the  temperature  attained  under 
the  conditions  of  commercial  testing.  High- voltage  tests  to  determine 
whether  specifications  are  fulfilled,  are  admissible  on  new  ma- 
chines only.  Unless  otherwise  agreed  upon,  high-voltage  tests  of  a 
machine  shall  be  understood  as  being  made  at  the  factory. 

I  Points  of  Application  of  Voltage.  The  test  voltage  shall  be  suc- 
cessively applied  between  each  electric  circuit  and  all  other  elec- 
tric circuits  and  metal  parts  grounded. 

)  Interconnected  Polyphase  Windings  are  considered  as  one  circuit. 
.All  windings  oF  a  machine  except  that  under  test,  shall  be  connected 
to  ground. 

I  Frequency,  Wave  Form  and  Test  Voltage.  The  frequency  of 
the  testing  circuit  shall  not  be  less  than  the  rated  frequency  of  the 
apparatus  tested.  A  sine-wave  form  is  recommended.  See  HOS. 
The  test  shall  be  made  with  alternating  voltage  having  a  crest 
value  equal  to  y/i  times  the  spoi:ified  test  voltage.  In  d.c.  machines, 
and  in  the  general  commercial  application  of  a.c.  machines,  the 
testing  frequency  of  60  cycles  per  second  is  recommended, 

t  Duration  of  Application  of  Test  Voltage.  The  testing  voltage 
for  all  classes  of  apparatus  shall  be  applied  continuously  for  a  period 
of  60  seconds.     See  exception,  486A. 
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a.  Wbeii  machices  are  started  «ith  fields  short-circmted  Uiej 
ihall  be  tested  as  specified  in  |6M 

b-  When  machines  are  started  vith  Selds  op«n-circidted  and 
lectionaliied  wMe  starting,  they  shall  be  tested  irilh  5000  volts. 

c.  When  machines  arc  started  with  ftetds  open -circuited  and 
connected  all  in  series  while  starting,  they  shall  be  tested  with  5000 
rolts  for  less  than  27d-vi>l;  excitation  and  SOOO  volts  for  ercitattoa 
frf  275  volts  to  750  volts. 

Km  Esupiien  Phase-Voiuid  RoUrs  of  laduction  Holors.  The 
secondary  windings  of  wound  rotors  of  induction  motors  shall  be 
tested  with  twice  their  notmal  iiidnc«d  voltage,  plus  1000  volts 
By  normal  induced  voltage  is  here  meant  the  voltage  between 
slip  rings  on  open  circuit  at  standstill  with  normal  voltage  iinpreES4d 
cm  the  primary. 

When  induction  motors  ivitb  phase-wound  rotors  are  rerersed, 
while  running  at  approximately  normal  speed,  by  reversiBg  the 
primary  connections,  the  test  shall  be  four  times  the  normal  in- 
duced voltage,  plus  1000  volts. 

•ttS  £xff  pit  on —Switches  and  Circuit  Control  Apparatai  above  600 
volts,  shall  be  teited  with  21  limes  rated  voltage,  plus  2000  volts. 
See   1730  to  741. 

510  £ic«^C) on— Assembled  Apparatus.  Where  a  number  of  pieces 
of  apparatus  are  aisemblel  logelher  and  testcii  as  an  electrical  unit, 
they  shall  be  tested  with  15  per  cent  lower  voltage  than  the  lowest 
required  on  any  of  the  individual  pieces  of  apparatus. 

GIGA  Exception.  Meters  and  Instruments.  The  Institute  is  not  at 
present  in  a  position  to  make  a  recommendation  in  regard  to  the 
dielectric  tests  of  meters  and  instruments. 

Ell  Testing  Transformers  by  Induced  Voltage.  Under  certain  con- 
ditions it  is  permissible  to  test  transformers  by  inducing  the  required 
voltage  in  their  windings,  in  place  of  uring  a  separate  testing  trans- 
former. By  "required  voltage",  is  meant  a  voltage  such  that  the  line 
end  cjf  the  windings  shall  receive  a  test  to  ground  equal  to  that  re- 
quired by  the  general  rules, 

C12  Transformers  with  Graded  Insulation  shall  be  so  marked.  Thejr 
shall  be  tesied  liy  inducing  the  required  test-voltage  in  the  transfor- 
mer and  connecting  the  successive  fine  leads  to  ground. 

Transformer  bindings  pertnanently  grounded  within  the  trans- 
former shall  be  tested  by  inducing  the  required  test  voltage  in 
such    n-indings,      (See  SBOO), 


MEASDREMENT    OF    VOLTAGE   IN    DIELECTRIC   TESTS 

OF    MACHINERY 

>       Use    of    Voltmeters     and     Spark-Gaps     in     Insolstioii     Tests. 

When    making   insulation     tests    on     electrical     machinery,     every 
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rections  can  be  made  for  the  variations  in  ratio  caused  by 
the  charging  current  of  the  machinery  under  test,  or  pro- 
vided there  is  no  material  variation  of  this  ratio.  In  any  case, 
when  the  capacitance  of  the  apparatus  to  be  tested  is  such  as 
to  cause  wave  distortion,  the  testing  voltage  must  be  checked  by  a 
spark  gap  as  set  forth  in  §638,  or  by  a  crest  voltage  meter.  If  the 
crest- voltage  meter  is  calibrated  in  crest  volts,  its  readings  must  be 
reduced  to  the  corresponding  r.  m.  s.  sinusoidal  value  by  dividing  with 

634  Measurements  with  Spark  Gaps.  If  proper  precautions 
are  observed,  spark  gaps  may  be  used  to  advantage  in  checking 
the  calibration  of  voltmeters  when  set  up  for  the  purposes  of  high- 
voltage  tests  of  the  insulation  of  machinery. 

636  Ranges  of  Voltages.  For  the  calibrating  purposes  set  forth 
in  §634  the  sphere-gap  shall  be  used  for  voltages  above  50  kv., 
and  is  to  be  preferred  down  to  30  kv.  The  needle  spark-gap  may, 
however,    be    used   for  voltages  from    10  to  50  kv. 

636  The  Needle  Spark  Gap.  The  needle  spark  gap  shall  consist  of 
new  sewing  needles,  supported  axially  at  the  ends  of  linear  conductors 
which  are  at  least  twice  the  length  of  the  gap.  There  must 
be  a  clear  space  around  the  gap  for  a  radius  of  at  least  twice  the  gap 
length. 

637  The  sparking  distances  in  air  between  No.  00  sewing  needle  points 
for  various  root-mean-square  sinusoidal  voltages  are  as  follows: 


TABLE  VII. 
Needle-Gap  Spark-Over  Voltages 

(At  25°C  and  760  mm.  barometer). 


R  M  S    Kilovolts 

Millimeters 

R.M.S.  Kilovolts 

Millimeters 

10 

U.O 

35 

51 

15 

18.4 

40 

62 

20 

25.4 

45 

75 

25 

33 

50 

90 

30 

41 
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No  extraneous  body,  or  external  part  of  the  circuit,  shall  be  nearer 
the  gap  than  twice  the  diameter  of  the  spheres.  By  the  *'  gap  "  is 
meant  the  shortest  path  between  the  two  spheres. 

The  shanks  should  not  be  greater  in  diameter  than  l/5th  the  sphere 
diameter.  Metal  collars,  etc.,  through  which  the  shanks  extend, 
should  be  as  small  as  practicable  and  should  not,  during  any  meas- 
urement, come  closer  to  the  sphere  than  the  maximum  gap  length 
used  in  that  measurement. 

The  sphere  diameter  should  not  vary  more  than  0.1  per  cent  and 
the  curvature,  measured  by  a  spherometer,  should  not  vary 
more  than  1  per  cent  from  that  of  a  true  sphere  of  the  required 
diameter. 

9  In  using  the  spherometer  to  measure  the  curvature,  the  distance 
between  the  points  of  contact  of  the  spherometer  feet  should  be 
within  the  following  limits: 


TABLE  VIII 
Spherometer  Specifications 


Diameter  of  Sphere 
in  m.m. 

Distance  between 

contact  points  in   mm. 

Maximum 

Minimum 

62.5 
125 
250 
500 

35 

45 

65 

100 

25 
35 
45 
65 

9A  In  using  Sphere  Gaps  constructed  as  above,  it  is  assumed  that  the 
apparatus  will  be  set  up  for  use  in  a  space  comparatively  free  from 
external  dielectric  fields.  Care  should  be  taken  that  conducting 
bodies  forming  part  of  the  circuit,  or  at  circuit  potential,  are  not  so 
located  with  reference  to  the  gap  that  their  dielectric  fields  are  super- 
posed on  the  gap ;  e.g.,  the  protecting  resistance  should  not  be  arranged 
so  as  to  present  large  masses  or  surfaces  near  the  gap,  even  at  a  dis- 


'»  ^  ^^      ^»      4  . 
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TABLE   IX. 
Sphere-Gsp  Spark-Over  Voltages 


^ 


(At  ZS 

C  •od  71)0 

mm.  b« 

m.tn=  pr 

«u,.J 

Spurking  Diitan 

«.nM.. 

..,«.. 

Klle- 

B2-6  mm. 

>ph»rf. 

135  mm    ,Bh«M 

250  mm- 

iphct« 

500  mm 

•phtro 

One 

Both 

On. 

Both 

Ons 

Both 

One 

Both 

»[,hrr= 

•phcrM 

^htre. 

.ph«6 

.ph«tn 

■pheie 

■phsra 

Hroi.nd.d 

Bioundtd 

m™i.t»d 

grounded 

10 

«  3 

4  a 

B.B 

30 

40 

19  2 

lB-3 

19,1 

IB, I 

M 

25. S 

2B  0 

24  4 

24  4 

M 

29 

70 

48  0 

39.5 

36 

3fl 

35 

35 

SO 

42 

SO 

80  fi 

4S 

*B 

48 

45 

46 

4S 

SO 

65 

52 

SI 

52 

SI 

120 
liO 

108 

88 

64 

78 

7? 

74 

73 

180 

ISO 

110 

92 

80 

85 

S3 

180 

loe 

96 

ZOO 

128 

123 

108 

108 

S20 

210 

180 

133 

130 

290 

210 

180 

148 

144 

280 

320 

231 

177 
1S4 

171 
IST 

340 

204 

234 

221 

380 

239 

4O0 

278 

257 

AIR-DENSITV  CORRECTIOH-FACTORS  FOR  SPHERE  GAPS 
L       The  Spark-Over  Voltage,  for  a  given  gap,  decrea,ses  with  decreasing 
barometric   pressure  and   increasing   temperature.      This   correction 
may  be  considerable  at  high  altitudes. 

The  spacing  at  which  it  is  necessary  to  set  a  gap  to  spark  over  at 
some  required  voltage,  is  found  as  follows:  Divide  tne  required 
voltage  by  the  correction  factor  given  below  in  Table   X.     A    new 
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voltage  is  thus  obtained.  The  spacing  on  the  standard  curves  ob- 
tained from  Table  IX,  corresponding  to  this  new  voltage,  is  the  re- 
quired spacing. 

The  voltage  at  which  a  given  gap  sparks  over  is  found  by  taking  the 
voltage  corresponding  to  the  spacing  from  the  standard  curves  of 
Table  IX,  and  multiplying  by  the  correction  factor. 

When  the  variation  from  sea  level  is  not  great,  the  relative  air 
density  may  be  used  as  the  correction  factor;  when  the  variation  is 
great,  or  greater  accuracy  is  desired,  the  correction  factor  correspond- 
ing to  the  relative  air  density  should  be  taken  from  Table  X  below, 
in  which 


Relative  air  density  ^ 


0.392  b 
273  -f  I 


b  »  barometric  pressure  in  mm. 
t  —  temperature  in  deg.  C. 

Corrected  curves  may  be  plotted  for  any  given  altitude,  if  de- 
sired. 

Values  of  relative  air  density  and  corresponding  values  of  the  cor- 
rection factor  are  tabulated  below.  It  will  be  seen  that  for  values 
above  .9,  the  correction  factor  does  not  differ  greatly  from  the  relativ  e 
air  density. 


TABLE  X. 
Air-Density  Correction  Factors  for  Sphere  Gaps 


Relative 

air 
density 

Diameter  of  itandard  tpheret  in  mm. 

62.5 

125 

250 

500 

0.50 
0.55 
0.60 

0.65 
0.70 
0.75 

0.80 
0.85 
0.90 

0.95 
1.00 
1.05 

1.10 

0.547 
0.594 
0.640 

0.686 
0.732 
0.777 

0.821 
0.866 
0.910 

0.956 
1.000 
1.044 

1.090 

0.535 
0.583 
0.630 

0.677 
0.724 
0.771 

0.816 
0.862 
0.908 

0.955 
1.000 
1.045 

1.092 

0.527 
0.676 
0.623 

0.670 
0.718 
0.766 

0.812 
0.859 
0.906 

0.954 
1.000 
1.046 

1.094 

0.519 
0.667 
0.615 

0.663 
0.711 
0.759 

0.807 
0.855 
0.904 

0.952 
1.000 
1.048 

1.096 

1601       STANDARDIZATION  RULES  OF  THE  A,  I.  E,  E 

INSULATION  RESISTANCE  OF  MACHINERY 

660      The  insulation  resistance  of  a  machine  at  its  operating  temperature 

shall  be  not  less  than  that  given  by  the  following  formula: 

voltage  at  terminals 
Insulation  Resistance  in  megohms  == 


rated  capacity  in  kv-a.  4"  1000 

The  formula  only  applies  to  dry  apparatus.  Such  high  values  are 
not  attainable  in  oil-immersed  apparatus. 

Insulation  resistance  tests  shall,  if  possible,  be  made  at  a  d.c.  pressure 
of  500  volts.  Since  the  insulation  resistance  varies  with  the  pressure, 
it  is  necessary  that,  if  a  pressure  other  than  500  volts  is  to  be  employed 
in  any  case,  this  other  pressure  shall  be  clearly  specified. 

The  order  of  magnitude  of  the  values  obtained  by  this  rule  is 
shown  in  the  following  table: 

TABLE  XI. 
Insulation  Resistance  of  Machinery 
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pressed  by  the  "  percentage  regulation",  which  is  the  percentage 
ratio  of  the  change  in  the  quantity  occurring  between  the  two 
loads,  to  the  value  of  the  quantity  at  either  one  or  the  other  load, 
taken  as  the  normal  value.  It  is  assumed  that  all  parts  of  the 
machine  affecting  the  regulation  maintain  constant  temperature 
between  the  two  loads,  and  where  the  influence  of  temperature  is  of 
consequence,  a  reference  temperature  of  75*^C  shall  be  considered  as 
standard.  If  change  of  temperature  shotild  occur  during  the  tests, 
the  results  shall  be  corrected  to  the  reference  temperature  of  75*C. 

The  normal  value  may  be  either  the  no-load  value,  as  the  no-load 
speed  of  induction  motors;  or  it  may  be  the  rated-load  value,  as  in 
the  voltage  of  a.c.  generators. 

It  is  usual  to  state  the  regulation  of  d-c.  generators  by  giving 
the  numerical  values  of  the  voltage  at  no  load  and  rated  load,  and  in 
some  cases  it  is  advisable  to  state  regulation  at  intermediate  loads. 

661  The  Regulation  of  d-c.  Generators  refers  to  changes  in  voltage 
corresponding  to  gradual  changes  in  load  and  does  not  relate  to  the 
comparatively  large  momentary  fluctuations  in  voltage  that  fre- 
quently accompany  instantaneous  changes  in  load. 

In  determining  the  regtilation  of  a  compound- wound  d-c.  gener- 
ator, two  tests  shall  be  made,  one  bringing  the  load  down  and  the 
other  bringing  the  load  up,  between  no-load  and  rated  load. 
These  may  differ  somewhat,  owing  to  residual  magnetism.  The 
mean  of  the  two  results  shall  be  used.  ^ 

662  In  constant-potential  a-c.  generators,  the  regulation  is  the  rise 
in  voltage  (when  the  specified  load  at  specified  power  factor  is 
reduced  to  zero)  expressed  in  per  cent  of  normal  rated-load  voltage. 

663  In  constant-current  machines,  the  regulation  is  the  ratio  of  the 
maximum  difference  of  current  from  the  rated-load  value  (occurring 
in  the  range  from  rated-load  to  short-circuit,  or  minimum  limit 
of  operation),  to  the  rated-load  current. 

664  In  constant-speed  direct-current  motors,  and  induction  motors, 
the  regulation  is  the  ratio  of  the  difference  between  full-load  and  no- 
load  speeds  to  the  no-load  speed. 

666  In  constant-potential  transformers,  the  regulation  is  the  difference 
between  the  no-load  and  rated-load  values  of  the  secondary  terminal 
voltage,  at  the  specified  power  factor  (with  constant  primary  im- 
pressed terminal  voltage)  expressed  in  per  cent  of  the  rated-load 
secondary  voltage,  the  primary  voltage  being  adjusted  to  such  a 
value  that  the  apparatus  delivers  rated  output  at  rated  secondary 
voltage. 

666  In  converters,  dynamotors,  motor-generators  and  frequency 
converters,  the  regulation  is  the  change  in  the  terminal  voltage  of 
the  output  side  between  the  two  specified  loads.  This  may  be 
expressed  by  giving  the  numerical  values,  or  as  the  percentage  of 
the  terminal  voltage  at  rated  load. 

667  In  transmission  lines,  feeders  etc.,  the  regulation  is  the  change 
in  the  voltage  at  the  receiving  and  between  rated  non-inductive 
load  and  no  load,  with  constant  impressed  voltage  upon  tVv«  ««cA\tl^ 
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end.     The  percentage  regulation  is  the  percentage  change  in  volUifl'' 
to  the  normal  rated  voltage  at  the  receiving  end. 
iU       In  sleam  eagines,  steam  turbines  aod  internal  combustion  enginet, 

the  percentage  speed  regulation  is  usually  expressed  as  the  per- 
centage ratio  of  the  maximum  variation  of  speed,  to  the  rated-load 
speed  in  passing  slowly  from  rated  load  to  no  load  (with  constant 
conditions  at   the  supply.) 

169  If  the  test  is  made  by  passing  suddenly  from  rated  load  to  no 
load,  the  Immediate  percentage  speed  regulation  so  derived  shall 
be  termed  the  fluctuation. 

WO  In  a  hjdraulic  turbine,  or  other  water  motor,  the  percentage 
speed  regulation  is  expressed  as  the  percentage  ratio  of  the  maximum 
variation  in  speed  in  passing  slowly  from  rated  load  to  no  load  (at 
constant  head  of  water),  to  the  rated-load  speed. 

ITl  In  a  generator  unit,  consisting  of  a  generator  combined  with  a 
prime  mover,  the  speed  or  voltage  regulation  should  be  determined 
at  constant  conditions  of  the  prime  mover; 
pressure,  head,  etc.  It  includes  the  inherent  speed  > 
the  prime  mover.  For  this  reason,  the  regulation  of  a  generator 
unit  is  to  be  distinguished  from  the  regulation  of  either  the  prime 
mover,  or  of  the  generator  combined  with  it,  when  taken  separately. 

CONDITIONS  FOR  TESTS  OF  REGULATION 

180       Speed   and   Frequency.     The   regulation   of   generators   is   to   be 
determined  at  constant  speed,  and  uf  alternating-current  apparatus 
at  constant  frequency. 
t81       Power  Factor.      In  apparatus  generating,  transforming  or  trans- 
mitting alternating  currents,  the  power  factor  of  the  load  to  which 
the  regulation  refers  should  be  specified.     Unless  otherwise  specified, 
it  shall  be  understood  as  referring  to  non-inductive   load,   that  is 
to  a  load  in  which  the  current  is  in  phase  with  the  e.m  f.  at  the  out- 
put side  of  the  apparatus. 
1183        Wave  Form.      In  the  regulation  of  alternating-current  machinery 
receiving  electric  power,  a  sine  wave  of  voltage  is  assumed,  except 
where  expresiily  specified  otherwise.     See  {406, 
S83       Excitation.   In   commutating   machines,   rectifying   machines,   and 
synchronous  machines,  such  as  direct-current  generators  and  motors, 
generators,  the  regulation  is  to  be 
.  as  to  maintain  the  field  adjustment 
at    that    which    gives    rated-load    voltage    at    rated-load 
as  follows: 
the    case    of    separately-excited    field     magnets — constant 

the  case  of  shuni  machines,  constant  resistance  in  the  shunt- 
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I       Testa  and  Computation  o(  Regulation  of  A-C.  Gent 

Any  one  oE  the  three  following  methods  may  be  use 
given  in  the  order  oE  preference. 

Method  a. 

The  regulation  can  be  measured  directly,  by  lOadi 
ator  at  the  specified  load  and  power  factor,  then  reducin 
Bero,  and  measuring  the  terminal  voltage,  with  speed  a 
adjusted  to  the  same  values  as  before  the  change, 
is  not  generally  applicable  for  shop  tests,  particula 
generators,  and  it  becomes  necessary  to  determine  tl 
from  such  other  tests  as  can  be  readily  made. 
i       Method  b. 

This  consists  in  computing  the  regulation  from 
data  of  the  open-circuit  saturation  curve  and  the 
factor  saturation   curve.     The    latter    curve,    or    one 


Fig.  1 


ing   very   closely   t 
with    o 


chrc 


The  po 


be  obtained  by  running  I 
load  of  idle-running  under 
er  factor  under  these  cond 
curve  approximates  very  ch 
e.  From  this  curve  and  th^ 
curve,  for  any  pow 


low  and  the  load  s: 
power  factor  saturation  curve 
curve,  points  for  the  load  sati 
be  obtained  by  means  of  vcc 
To  apply  Method  b,  it  is  n 
circuit  saturation  curve  OA.  Fig.  1.  and  the  saturatioi 
lero  power  factor  and  rated-load  current.  At  any  giv 
Oc,  Ihe  voltage  that  would  be  induced  on  open  circuit 
minal  voltage  at  zero  power  factor  is  be.  and  the  appa 
drop  is  ab.  The  terminal  voltage  dc  at  any  other  pow 
then  be  found  by  drawing  an  e.m.f.  diagram"  as  in  Fig. 
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an  angle  such  that  c*j  ^  is  the  poKer  (actor  lA  \ist  load,  b  c  Che  resist 
aoc?  drop  i,lRl  in  the  staler  wiadiog.  ha  tbc  lolal  interaal  drop,  and 
mc  the  total  induced  voltage;  ia  and  ac  beuig  laid  oS  to  ntfnspond 
■nth  the  values  obtained  froni  Fig.  1.  The  lerminalvoItaKe  at  power 
factor  MI  ^,as  then  i£o(  Vi%.  2,  which,  laid  o&  in  Fie.  l.Eives  point  i. 
By  finding  a  noinber  of  such  points,  the  carve  B4i'  for  power  factor 
(•i^isobtaitiedaod  th<r  resulation  aE  thispover  factor  (expressed  in 


e  a'  d"  IS  the  r 


voltaic  vben  the  k>ad 


at  power  factor  r*i  ^  u  thioon  o9  at  noimal  voltage  c"  t. 

Gcneialtv.  the  ohmtc  drop  can  be  neglected,  as  it  has  verr  little 
influecce  on  the  r*gnlaiioo.  except  in  very  lew-speed  mirhine* 
where  tb«  armature  resistance  ts  rdatively  btgh.  or  in  some  cams 
where  regnlalioa  at  unity  power  facli^rtsbeine estimated.  Forlow 
power   factors,  its  effect  is  nesltpble  is   practicaCy   aD   < 
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k^ce  OB.   I-  b--ih-sf*ed  machines,  or  in  other; 
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having  low  reactance  and  a  low  degree  of  saturation  in  the  magnetic 
circuit,  the  zero -power-factor  curve  will  lie  quite  close  to  BD,  particu- 
larly in  those  parts  that  are  used  for  determining  the  regulation.  This 
is  the  case  with  many  turbo-generators  and  high-speed  water-wheel 
generators.  In  many  cases,  however,  the  zero-power-factor  curve 
will  deviate  from  BD,  as  shown  by  BC,  and  the  deviation  will  be 
most  pronounced  in  machines  of  high  reactance,  high  saturation, 
and  large  magnetic  leakage.  The  position  of  the  actual  curve  BC 
with  relation  to  BD,  can  be  approximated  with  sufficient  exactness 
by  investigating  the  corresponding  relation  as  obtained  by  test  at  zero 
power  factor  on  machines  of  similar  characteristics  and  magnetic 
circuit.  Or  curve  BC  can  be  calculated  by  methods  based  on  the 
results  of  tests  at  zero  power  factor.  After  BC  has  been  obtained, 
the  saturation  curve  and  regulation  for  any  other  power  factor  can 
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—   percent  drop  Id  phase  with  current. 
••  percent  drop  in  quadrature  with  cui 
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TRANSFORMER  CONNECTIONS' 

(Tlifs^  '»/<■!  do  no!  .iffly  !o  oulo  Iraasformtrs.} 
)  Diagtaramatic  Skeleh  of  Connections.  The  manufacturer  shall 
furnioh  with  each  transfornier  a  complete  diagrammatic  sketch  of 
Che  iaiemal  connections,  and  all  terminals  and  taps  oE  the  tran^' 
former  shall  be  marked  to  correspond  with  letters  and  numbers  in  the 
3&-eCch.  Thia  skiiCch  should  preferably  be  on  a  metal  plate  on  the 
transformer  case. 

SIKGLE-PHASE  TRANSFORMERS 
L       Marking  o(  Leads.     The  leads  of  single-phase  transformers  shall 
be  distinguished  from  each  other  by  marking  the  high-voltage  leads 
with  the  letters  A  and  B,  and  the  low-voltage  leads  with  the  letters 
X  and  Y. 

The  terminals  (by  terminals  is  meant  the  ends  of  the  windings) 
shall  be  so  marked  that  the  potential  difference  in  all  windings  at 
any  instant  shall  have  the  same  sign,  that  is,  the  potential  difference 
between  A  and  B  shall  have  the  same  sign  at  any  instant  as  the 
potential  difference  between  X  and  Y.** 
1  In  accordance  with  the  above  rule,  the  terminals  of  single-phase 
transfi-rmers   shall  he    marked    as   follows: 

(II    High-   and   l.ow-Voltage   Windings  in   Phase- 
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603  (2)  High-  and  Low- Voltage  Windings  180  deg.  Apart  in  Phase: 

A  B 

lujUULUJUJUUU 

nnrrrvTnnnnnn 

Y  X 

604  Single-Phase    Transformers    with    More    than    Two    Windings. 

Transformers  with  three  or  more  windings  (each  being  provided  with 
separate  outgoing  leads)  shall  have  the  leads  of  two  of  their  windings 
lettered  in  accordance  with  the  preceding  paragraph.  The  remaining 
leads  shall  be  designated  A  A  BB.  etc.  in  the  case  of  high- voltage 
leads  and  XX,  YY,  etc.  in  the  case  of  low-voltage  leads.  For  ex- 
ample, transformers  having  four  secondary  leads  from  two  distinct, 
similar  windings  shall  be  lettered  as  follows: 

A  B 


UUJUUUUUUUuJ 


A  1 

XX     Y       YY 

This  indicates  that  the  low-voltage  winding  consists  of  two  dis- 
connected parts,  one  part  having  terminals  X,  Y  and  the  other  part 
having  terminals  XX,  YY.  For  multiple  connection,  X  and  XX  are 
to  be  connected  and  Y  and  YY  are  to  be  connected.  For  series 
operation,  Y  is  to  be  connected  to  XX. 

606  Tap  Connections.  All  tap  connections  which  are  not  brought 
outside  the  transformer  case  shall  be  marked  serially  with  numerals 
only.  Where  tap  leads  are  brought  out  of  the  transformer  case  they 
shall  be  given  the  letter  designation  together  with  a  subscript  indicat- 
ing the  relative  position  of  the  tap,  as  in  the  following  diagram. 

A  B 


rrnrmTinnnf" 

X,  Y 

606  Neutral  Lead.  Where  a  neutral  lead  is  brought  outside  the 
transformer  case,  it  shall  be  lettered  N. 

607  Parallel  Operation.  Transformers  marked  as  above  may  be  opera- 
ted in  parallel,  by  connecting  similarly  marked  terminals  provided 
their  ratios,  voltages  resistances  and  reactances  are  such  as  to  permit 
parallel  operation. 

THREE-PHASE  TRANSFORMERS 

608  Marking  of  Leads.  Three-phase  transformers  ordinarily  have 
three  or  four  leads  for  high-voltage  and  three  or  four  lead&  tot  \w^« 
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voltage  windings.     To  dislinguish  the  various  leads  from  each  other, 
and  also  to  distinguish  beineen  the  varinus  phase  relations  obtainaUe, 
the  three  high-voltage  leads  should  be  lettered  A.  B  and  C  and  the 
three  low-vollage  leads  X.  Y  and  Z. 

Por  trarsformera  having  six-phase  secondaries  the  primary  leads 
should  be  lettered  A,  B  and  C  as  above,  and  the  secondary  leads 
U,  V,   W.  X,  V  and  Z. 

Tlie    lellcrs    shall    be    so    applied    to  the  transformer  terminals 
thai  it  the  phase  sequence  of  voltage  on  the  high-Toltage  side  is  in 
the  order  of  A  to  B  to  C,  it  is  in  the  order  of  X  to  Y  to  Z,  etc..  on  the 
low-voltage  side.     This  arrangement  is  represented  by  the  diagrams 
below,    which    show   the    ^-arious    common    angular   displacements 
between  high-  and  low-voltage  ninrfings  of  standard  transformers. 
In  addition  it  should  he  distinctly  stated,  preferably  on  the  rating 
plate,  in  which  of  the  gr<jups  s''*'^''  '"   ^^^  following  diagrams  the 
transformer    belongs. 

THREE  PHASE  TRANSFORMERS                       , 
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609  The  rules  given  above  for  single-phase  transformers  in  regard  to 
the  neutral  tap  (see  §606),  and  also  in  regard  to  internal  connections 
(see  §§601  to  606),  are  applicable  to  three-phase  transformers  and 
six- phase  transformers. 

610  Angular  Displacement.  The  angular  displacement  between  high- 
and  low- voltage  windings,  is  the  angle  in  the  diagram  in  §608 
between  the  lines  passing  from  the  neutral  point  through  A  and  X 
respectively  for  three-phase  transformers  and  through  A  and  U  for 
six- phase  transformers.  Thus,  in  Group  1,  the  angular  displace- 
ment is  zero  degrees;  in  Group  2,  the  angular  displacement  is  180" 
and    in    Group  3,  the  angular  displacement  is  30". 

611  Parallel  Operation.  Three-phase  and  six-phase  transformers 
marked  as  above  may  be  operated  in  parallel,  by  connecting  simi- 
larly marked  terminals  together,  provided  their  ratios,  voltages,  re- 
sistances, reactances  and  angular  displacements  are  such  as  to  permit 
parallel  operation. 

INFORMATION  ON  THE  RATING  PLATE  OF  A  MACHINE 

620  It  is  recommended  that  the  rating  plate  of  machines  which 
comply  with  the  Institute  rules  shall  carry  a  distinctive  special 
sign,  such  as  "  A.I.E.E.  1916  Rating"  or  "A16"  Rating. 

621  The  absence  of  any  statement  to  the  contrary  on  the  rating  plate 
of  a  machine  implies  that  it  is  intended  for  continuous  service  and  for 
the  standard  altitude  and  ambient  temperature  of  reference.  See 
§§287,  306,  308  and  309. 

622  The  rating  plate  of  a  machine  intended  to  work  under  various 
kinds  of  rating  must  carry  the  necessary  information  in  regard  to 
those  kinds  of  ratings. 
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STANDARDS  FOR  WIRES  AND  CABLES 

TERMINOLOGY*  ^ 

636         Wire. — A  slender  rod  or  filament  of  drawn  metal. 

The  definition  restricts  the  term  to  what  would  ordinarily  be  under* 
stood  by  the  term  "  solid  wire."  In  the  definition,  the  word  **  slender" 
is  used  in  the  sense  that  the  length  is  great  in  comparison  with  the 
diameter.  If  a  wire  is  covered  with  insulation,  it  is  properly  called  an  in- 
sulated wire;  while  primarily  the  term  "  wire  "  refers  to  the  metal,  never- 
theless  when  the  context  shows  that  the  wire  is  insulated,  the  term  "wire  " 
will  be  understood  to  include  the  insulation. 

636  Conductor. — A  wire  or  combination  of   wires   not  insulated  from 
one   another,    suitable   for   carrying   a   single   electric   current. 

The  term  "  conductor  "  is  not  to  include  a  combination  of  conductors 
insulated  from  one  another,  which  would  be  suitable  for  carrying  several 
different  electric  currents. 

Rolled  conductors  (such  as  busbars)  are.  of  course,  conductors,  but  are 
not  considered  under  the  terminology  here  given. 

637  Stranded    Conductor. — A    conductor    composed    of    a  group    of 
wires,  or  of  any  combination  of  groups  of  wires. 

The  wires  in  a  stranded  conductor  are  usually  twisted  or  braided  to- 
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641  Cord. — A  small  cable,  very  flexible  and  substantially  insulated  to 

withstand  wear. 

There  U  no  th«rp  dividing  line  In  respect  to  aise  between  e  **  cord  " 
and  e  *'  cable."  and  Ukewite  no  sharp  dividing  lino  in  respect  to  the  character 
of  insulation  between  a  **  cord  "  and  a  "  stranded  wire."  Rubber  is 
used  as  the  insulating  material  for  many  classes  of  cords. 

642  Concentric  Strand. — A  strand  composed  of  a  central  core 
surrounded  by  one  or  more  layers  of  helically-laid  wires  or  groups  of 
wires. 

643  Concentric-Lay  Cable. — A  single-conductor  cable  composed  of  a 
central  core  surrounded  by  one  or  more  layers  of  helically-laid  wires. 

644  Rope-Lay  Cable. — A  single-conductor  cable  composed  of  a 
central  core  surrounded  by  one  or  more  layers  of  helically-laid 
groups  of  wires. 

This  Idnd  of  cable  differs  from  the  preceding  in  that  the  main  strands 
are  themselves  stranded. 

646  N-Conductor  Cable. — A  combination  of  N  conductors  insu- 
lated from  one  another. 

It  Is  not  intended  that  the  name  as  here  given  be  actually  used.  One 
would  instead  speak  of  a  "  3-conductor  cable."  a  "  12-conductor  cable" 
etc.  In  referring  to  the  general  case,  one  may  speak  of  a  "  multiple-con- 
ductor cable  "  (as  in  definition  §SM  above.) 

646  N-Conductor  Concentric  Cable. — A  cable  composed  of  an 
insulated  central  conducting  core  with  (N  — 1)  tubular  stranded  con- 
ductors laid  over  it  concentrically  and  separated  by  layers  of  in- 
sulation. 

This  kind  of  cable  usually  has  only  two  or  three  conductors.     Such  cables  are  used 
...   carrying  alternating  currents.     The  remark  o 
given  for  the  preceding  definition  applies  here  also. 


in   carrying  alternating  currents.     The  remark  on   the  expression  "  N-conductor  '* 


647  Duplex  Cable. — Two  insulated  single-conductor  cables,  twisted 
together. 

They  may  or  may  not  have  a  common  insulating  covering. 

648  Twin  Cable. — Two  insulated  single-conductor  cables  laid  paral- 
lel, having  a  common  covering. 

649  Triplex  Cable. — Three  insulated  single-conductor  cables 
twisted  together. 

They  may  or  may  not  have  a  common  insulating  covering. 

660  Twisted  Pair. — Two  small  insulated  conductors,  twisted  to- 
gether, without  a  common  covering. 

The  two  conductors  of  a  "  twisted  pair  "  are  usually  substantially  in- 
sulated, so  that  the  combination  is  a  special  case  of  a  "  cord." 

661  Twin  Wire. — Two  small  insulated  conductors  laid  parallel, 
having  a  common  covering. 

SPECIFICATION  OF  SIZES  OF  CONDUCTORS 

662  The  sizes  of  solid  wires  shall  be  stated  by  their  diameter  in  mils,  the 
American  Wire  Gage  (Brown  and  Sharpe)  sizes  being  taken  as  stand- 
ard. The  sizes  of  stranded  conductors  shall  be  stated  by  their  cross- 
sectional  area  in  circular  mils.     For  brevity,  in  cases  ^Yi«c^  XXi^  tsi»qX 
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cmreful  tpecifi cation  U  not  required,  the  sizes  of  soiid  wires  may  be 
ItBtedby  the  gage  number  in  the  American  Wire  Gage,  and  thesiiesof 
Itrande'l  cotiduclors  smaller  than  260,000  circular  mils  (i.e..  No.  0000 
A.W.G.  or  imallerj  may  likewise  be  stated  by  means  of  the  gage 
aumbcr  in  the  American  Wire  Gage  of  a  solid  wire  having  the 
■ame  c  run -sectional  area.  Futhermore.  an  exception  is  made  io  the 
caie  of  "  Flexible  Stranded  Conductors."  for  which  see  1666  beiow. 
In  italing  large  cross -sections,  it  is  sometime!^  convenient  to  use 
a  cirtuUt  inLh  (,107  s,),  mm.)  instead  of  1,000,000  circular  mils. 


STRANDING 


<'iili!i-K  iiril  rei|uiring  special   flcnibility   shall   be  s 
lorJanve  with  the  fullnwing  lable. 
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666  Flexible  Stranding.  Conductors  of  special  flexibility  should 
ordinarily  be  made  with  wires  of  regular  A.W.G.  sizes,*  the  number  of 
wires  and  size  being  given.  The  approximate  gage  number  or  ap- 
proximate circular  mils  of  such  flexible  stranded  conductors  nuty  be 
stated.  The  stranding  of  standard  flexible  cables  is  given  in  Table 
XIII  and  a  tentative  stranding  for  apparatus  cable  .in  Table  XIII- A. 

TABLE  Xin 
Proposed  Standard  Stranding  of  Flexible  Cables 
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No.  of 

Size  of 

Diam. 

Make-up 
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Size 
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Bunched 

Note  1.  The  A.W.G.  sizes  except  for  61  strands  are  approximated  within  2  per 
cent.    In  the  case  of  61  strand  cables  the  approximation  is  6  per  cent. 

Note  2.     "61  X  7"  signifies  a  rope-lay  cable  composed  of  61  strands  of  7  wires  each. 

Note  3.  Circular  mils  are  based  on  theoretical  diameters  of  A.W.G.  sizes  which 
vary  above  or  below  values  given  in  table  by  less  than  0.1  mil. 


*  Where  necessary  to  closely  approximate  a  regular  size  cable,  the  strands  may  be 
made  of  half-size  wires  frpm  Nq.  15  to  No.  30  A.  W.  G. 
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strands  of  rope-lay  cables  shall  not  exceed  12  times  the  pitch  diameter 
of  the  layer. 

CONDUCTIVITY  OP  COPPER. 

676  The  following  I.  E.  C.  rules  are  adopted:* 

The  following  shall  be  taken  as  normal  values  for  standard  an- 
nealed copper: 

(1)  At  a  temperature  of  20*C.,  the  resistance  of  a  wire  of 
standard  annealed  copper  one  meter  in  length  and  of  a  uniform 
section  of  1  square  millimeter  is  1/58  ohm  =  0.017241 . .  ..ohm. 

(2)  At  a  temperature  of  20*C.,  the  density  of  standard  annealed 
copper  is  8.89  grams  per  cubic  centimeter. 

(3)  At  a  temperature  of  20*C ,  the  *'  constant  mass "  tem- 
perature coefficient  of  resistance  of  standard  annealed  copper, 
measured  between  two  potential  points  rigidly  fixed  to  the  wire,  is 
0.00393  =  1/254.46 per  degree  centigrade. 

(4)  As  a  consequence,  it  follows  from  (1)  and  (2)  that,  at  a  tem- 
perature of  20  *C.  the  resistance  of  a  wire  of  standard  annealed 
copper  of  uniform  section,  one  meter  in  length  and  weighing  one 
gram,  is  (1/68)    X  8.89  =  0.16328 ohm.t§ 

676  Copper  Wire  Tables.  The  copper-wire  Tables  published  by  the 
Bureau  of  Standards  in  Circular  No.  31  are  adopted.  These  Tables 
are  based  upon  the  I.  E.  C.  rules  stated  in  §675. 

HEATING  AND  TEMPERATURE    OF    CABLES. 

677  Maximum  Safe  Limiting  Temperatures. 

The  maximum  safe  limiting  temperature  in  degrees  C.  at  the 
surface  of  the  conductor  in  a  cable  shall  be: — 

For  impregnated  paper  insulation     (85 — E) 
varnished  cambric  (76 — E) 

rubber  insulation  (60 — 0.25E) 

where    E  represents   the  r.m.s.   operating  e.m.f.   in    kilovolts    be- 
tween   conductors. 

Thus,  at  a  working  pressure  of  3.3  kv.,  the  maximum  safe  limit- 
ing temperature  at  the  surface  of  the  conductor,  or  conductors,  in 
a  cable  would  be: — 

For  impregnated  paper  81.7**C. 
varnished  cambric  71.7**C. 
rubber  insulation  59.2 **C. 


•  « 


ELECTRICAL  TESTS. 

678       Lengths    Tested.      Electrical  tests    of   insulation  on  wires  and 
cables  shall  be  made  on  the  entire  lengths  to  be  shipped. 

♦See  I.  E.  C.  Publication  No.  28  "International  Standard  of  Resistance  for  Cop- 
per" March  1914. 

t Paragraphs  (1)  and  (4)  of  §  675  define  what  are  sometimes  called  "volume  re« 
sistivity,"  and  "Mass  resistivity"  respectively.  This  may  be  expressed  in  other 
units  as  follows: — volume  resistivity  *  1.7241  microhms-cm.  (or  microhms  in  a 
cm.  cube)  at  20"C.  -  0.67879  microhm-inch  at  20®C.,  and  mass  resistivity  -  875.20 
ohms  (mile,  pound)  at  20®C. 

§Por  detailed  specifications  of  commercial  copper,  see  the  "St«.ti.d»:t4.  %\)«r:>&5:::«^- 
tions"  of  the  American  Society  for  Testing  Matena\t. 
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t  lamerkiAB  ia  Wmtmr.  Ekciriud  lecu  of  insolaMd  coodacton  not 
eocjuied  in  s  lead  sbestk.  ifaall  bemade  vhile  imocrsed  m  wmXts  after 
■c  imiDeTEion  oF  IbtJtc  <12i  i  oasvcalive  faoor^  tf  insolxted  vith  mb- 
tnr  compouDd.  m  if  insolsled  with  varmsbed  tambric-  It  is  not 
Bccetsary  to  tninierce  in  w»tn  iamlsted  coodiK-tors  endoied  in  a  Icsd 
sbeatli. 

In  inultit'lt-Lf'Oiluclur  caUc^  (ciih'jai  wsiterpnxif  over»ll  jacket 
of  in'ulati'jn,  nv  ininier>ivin  te^l  should  be  madtr  on  £iusbed  cables, 
tiul  onl}'  un  the  lodii'idu^t  roadactors  beiirre  as^^mbling. 

)  Diele«tnG-Strea(&  Tests.  Ob>ecl  o(  Tests.  Ehelectnc  lesU 
are  lotcaded  to  detect  weak  spots  in  the  in&ulaLion  and  lo  deter- 
mine whether  the  dielectric  strencih  cii  ibe  iii£iila.t,ioa  is  sufficient  for 
enabling  it  to  wilhstand  the  vott^gt:  to  whidi  it  is  likely  to  be  sub- 
jected in  service,  with  a  suitable  factor  of  assurance. 

The  initially- applied  voUage  must  ncil  be  greatef  than  the  work- 
ing vcllagc,  and  the  late  'li  increase  shall  nol  he  f.ver  100  per  eent 
in  JO  seconds 

L  Factor  o(  AsstuiuiGe-  The  iactor  of  assuranoe  of  irite  or  cable 
insulation  shal!  tie  theratii.uf  the  voltage  at  wbicb  il  is  tested  Co  that 
at  which  it  IS  used. 

I  Test  Voltage.  The  dielectric  strength  of  vire  and  cable  insula- 
tion shall  be  tested  at  ihe  Jactory.  by  applying  an  alternating  test 
voltace  between  the  conductor  and  sheAth  or  water 

I  The  Magnitude  and  Duration  of  the  Test  Voltage  should  depend 
upon  the  dielectric  strength  and  thickness  of  the  iitsulation.  tbe 
length  and  diameter  of  tbe  wire  or  cable,  and  tbe  assurance  factor 
required,  the  latter  in  turn  depending  upon  the  importance  of  the 
service  in   which   the   wire   or  cable  is   employed 

I  Tbe  following  test  voltages  shall  apply  unless  a  departure  is  c««i- 
sidered  necessary,  in  view  of  the  above  circumstances.  Rubber 
covered  wires  or  cable  for  voltages  up  to  7  kv.  shall  be  tested  in 
accordance  with  the  National  Electric  Code.  Standardisation  for 
higher  voltages  (or  rubber  insulated  cables  is  not  considered  possible 
at  the  present  time. 

Varnished  cambric  and  impregnated  paper  insulated  wires  or  cables 
shall  be  tested  at  the  place  of  manufacture  for  hve  (5)  minutes  in 
accordance  with  the  Table  XIV  below. 


TABLE  XIV 
Recommended  Test  Kilovolts  Corresponding  to  Operatinc  KiloTolta 


Operating   kv. 

Test  kv. 

Below    0   5 
0.5 

2 
3 
4 

2.5' 
3 
4 

6.5 
9 
11-5 

Operating  kv. 

Test  kv. 

1                  5 

14 

10 

25 

15 

3.1 

20 

44 

25 

53 
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Different  engineers  specify  different  thickness  of  instilation  for 
the  same  working  voltages.  Therefore,  at  the  present  time  the  test 
kv.  corresponding  to  working  kv.  given  in  Table  XIV  are  based 
on  the  minimum  thickness  of  insulation  specified  by  engineers 
and  operating  companies.! 
686  The  Frequency  of  the  Test  Voltage  shall  not  exceed  100  cycles  per 
second,  and  should  approximate  as  closely  as  possible  to  a  sine  wave. 
The  source  of  energy  shotild  be  of  ample  capacity. 

686  Where  Ultimate  Break-Down  Tests  are  required,  these  shall  be 
made  en  samples  not  more  than  6  meters  (20  ft.)  long.  The  maximum 
allowable  temperature  at  which  the  test  is  made  for  the  particular 
type  of  insulation  and  the  particular  working  pressure,  shall  not  be 
greater  than  the  temperature  limits  given  in  (  677. 

687  Multiple-Conductor  Cables.  Each  conductor  of  a  mtdtiple-con- 
ductor  cable  shall  be  tested  against  the  other  conductors  con* 
nected  together  with  the  sheath  or  water. 

INSULATION  RESISTANCE 

688  Definition.  The  instilation  resistance  of  an  instilated  conductor 
is  the  electrical  resistance  offered  by  its  instilation,  to  an  impressed 
voltage  tending  to  produce  a  leakage  of  current  through  the  same. 

689  Insulation  Resistance  shall  be  expressed  in  megohms  for  a  speci« 
fied  length  (as  for  a  kilometer,  or  a  mile,  or  one  thousand  feet),  and 
shall  be  corrected  to  a  temperature  of  16.6*  C.  tising  a  tempera* 
ture  coefficient  determined  experimentally  for  the  instilation  under 
consideration. 

690  Linear  Insulation  Resistance,  or  the  insulation  resistance  of  Unit 
Length,  shall  be  expressed  in  terms  of  the  megohm -kilometer,  or 
the  megohm-mile,  or  the  megohm-thousand-feet. 

691  Megohms  Constant.  The  Megohms  Constant  of  an  insulated 
conductor  shall  be  the  factor  *'  K  **  in  the  equation 

R  "  K  logio  -J- 

where  R   -   The  insulation  resistance,  in  megohms,  for  a  specified 
unit  length. 

D  B  Outside  diameter  of  instilation. 

d  ■■  Diameter  of  conductor. 
Unless  otherwise  stated,  K  will  be  assumed  to  correspond  to  the  mile 
unit  of  length. 

692  Test.  The  apparent  insulation  resistance  shotild  be  measured 
after  the  dielectric-strength  test,  meastiring  the  leakage  ctirrent 
after  a  one-minute  electrification,  with  a  continuous  e.m.f.  of  from 
100  to  500  volts,  the  conductor  being  maintained  negative  to  the 
sheath  or  water. 

tThe  Standards  Committee  does  not  commit  itself  to  the  principle  of  bating 
test  voltages  on  working  voltages,  but  it  is  not  yet  in  possession  of  sufficient  data 
to  base  them  upon  the  dimensions  and  physical  properties  of  the  insulation. 
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» 

693  Multiple-Conductor  Cables.  The  insulation  resistance  of  each 
conductor  of  a  multiple-conductor  cable  shall  be  the  insulation  re- 
sistance measured  from  such  conductor  to  all  the  other  conductors  in 
multiple  with  the  sheath  or  water. 

CAPACITANCE  OR  ELECTROSTATIC  CAPACITY 

694  Capacitance  is  ordinarily  expressed  in  microfarads.  Linear  Ca- 
pacitance, or  Capacitance  per  unit  length,  shall  be  expressed  in 
Microfarads  per  unit  length  (kilometer,  or  mile,  or  one  thousand  feet) 
and  shall  be  corrected  to  a  temperature  of  15. 5*  C. 

695  Microfarads  Constant.     The   Microfarads  Constant  of  an  insu- 

i_A_j 1 4. _t.  _ti   1 xi--  e A. 44    rr  »i  r_   ^t-. i- 
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STANDARDS  FOR  SWITCHES  AND  OTHER  CIRCUIT- 
CONTROL  APPARATUS* 

SWITCHES 

720  The  following  Rules  apply  to  Switches  of  above  600  volts.  (For 
600    volts   and  below,  see  National  Electric  Code.f) 

721  Definition.  A  switch  is  a  device  for  making,  breaking,  or 
changing   connections  in  an  electric  circuit. 

722  Rating. 

(a)  By  amperes  to  be  carried  with    not    more    than  30  •C.    rise 
on  contacts  and  current-carrying  parts. 

(b)  By  normal  voltage  of  circuit  on  which  it  may  be  used. 

723  Performance  and  Tests. 

(a)  Heating  Test  with  rated  current  applied  continuously  until 
temperature  is  constant;  ambient  temperature  40  •C. 

(b)  Dielectric  Test  at  2}  times  rated  voltage   plus  2000.     See 

{609. 

CIRCUIT  BREAKERS 

724  Definition.  A  device  designed  to  open  a  current-carrying  circuit 
without  injury  to  itself.     A  circuit  breaker {  may  be: 

(a)  An  automatic  circuit-breaker,  which  is  designed  to  trip 
automatically  under  any  predetermined  condition  of  the  circuit, 
such  as  an  underload  or  overload  of  current  or  voltage. 

(b)  A  manually  tripped  circuit-breaker,  which  is  designed  to  be 
tripped  by  hand. 

Both  types  of  operation  may  be  combined  in  one  and  the  same 
device. 

726       Rating. 

(a)  By  normal  current-carrying  capacity. 

(b)  By  normal  voltage. 

(c)  By  amperes  which  it  can  interrupt  at  normal  voltage  of  the 

circuit. 

726  Performance  and  Tests.  The  heating  test  shall  be  made  with 
normal  current.  In  oil  circuit  breakers  the  same  oil  must  be  used 
for  heating  tests  as  for  rupturing  tests.  The  rise  of  temperature  at 
the  contacts  shall  not  exceed  30  *C.  The  Rise  on  tripping  solenoids 
and  accessory  parts  not  to  exceed  60  •C.  Ambient  temperature  of 
reference,  40  •C. 

*Thcse  rules  do  not  apply  to  magnetically-operated  or  air-operated  switches  used 
for  motor  control. 

tBy  the  term  "Code"  is  meant  "National  Electrical  Code"  as  recommended  by 
the  National  Fire  Protection  Association. 

t These  rules  refer  only  to  circuit  breakers  of  above  550  volts.  For  550  volts  and 
below,  see  the  National  Electric  Code. 
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al  Electric  Code.  For  large  power  fuses  intended  for  service  similar 
to  that  required  of  circuit  breakers,  see  (724  to  72B,  or  the  Nation- 
al Electric  Code,  as  far  as  the  latter  applies. 

LIGHTNING    ARRESTERS 

733  Definition.  A  lightning  arrester  is  a  device  for  protecting  circuits 
and  apparatus  against  lightning  or  other  abnormal  potential  rises  of 
short  duration. 

734  Rating.  Arresters  shall  be  rated  by  the  voltage  of  the  circuit  on 
which  they  are  to  be  used. 

Lightning  arresters  may  be  divided  into  two  classes: 

(a)  Those  intended  to  discharge  for  a  very  short  time. 

(b)  Those  intended  to  discharge  for  a  period  of  several  minutes. 

736     Performance  and  Tests.     Dielectric  Test  same  as  (723. 

The  resistance  of  the  arrester  at  double  potential  and  also  at 
normal  potential,  shall  be  determined  by  observing  the  discharge 
currents  through  the  arrester. 

(c)  In  the  case  of  any  arrester  using  a  gap,  a  test  shall  be  made 
of  the  spark  potential  on  either  direct-current  or  60-cycle  a-c.  ex- 
citation. 

(d)  The  equivalent  sphere  gap  under  disruptive  discharge  shall 
also  be  measured,  using  a  considerable  quantity  of  electricity. 

(e)  The  endurance  of  the  arrester  to  continuous  surges  shall 
be   tested. 

PROTECTIVE  REACTORS 

736  Definition.  A  reactor  (See  (82  and  214)  is  a  device  for  protecting 
circuits  by  limiting  the  current  flow  and  localizing  the  disturbance 
under  short-circuit  conditions. 

737  Rating. 

(a)  In  kilovolt-amperes  absorbed  by  normal  current. 

(b)  By  the  normal  current,  frequency  and  line  (delta)  voltage 
for  which  the  reactor  is  designed. 

(c)  By  the  current  which  the  device  is  required  to  stand  under 
short-circuit  conditions. 

738  Performance  and  Tests. 

The  Heat  Test  shall  be  made  with  normal  current  and 
frequency  applied  until  the  temperature  is  constant.  The  tem- 
perature should  not  exceed  the  safe  limits  for  the  materials  em- 
ployed.     See  ((376  to  379. 

739  Dielectric  Test.  2}  times  line  voltage  plus  2000,  for  one  minute, 
from  conductor  to  ground. 

NoTB.  The  reactor  shall  be  so  designed  as  to  be  capable  of 
withstanding,  without  mechanical  injury,  rated  current  at  normal 
frequency,  suddenly  applied. 

RESISTOR  OR  RHEOSTAT 

740  D  ef  inition.  Any  device  heretofore  commonly  known  as  a  resistance, 
used  for  operation  or  control     (|81)  See  National  Electric  Code. 
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IlfSTRUMEIfT    TRANSFORMERS 

741  Definition.  An  instrument  transformer  is  a  transformer  for  use 
with  measuring  instruments,  in  which  the  conditions  in  the  primary 
circuit  as  to  current  and  voltage  are  represented  with  high  nu- 
merical accuracy  in  the  secondary  circuit. 

Under  this  heading  and  for  more  general  use: 

(a)  A  current  transformer  is  a  transformer  designed  for  seriet 
connection  in  its  primary  circuit  with  the  ratio  of  transformation 
appearing  as  a  ratio  of  currents. 

(b)  A  potential  (voltage)  transformer  is  a  transformer  designed 
for  shunt  or  parallel  connection  in  its  primary  circuit,  with  the  ratio  of 
transformation  appearing  as  a  ratio  of  potential  differences  (voltages) 

For  further  definitions    relative   to   instrument   transformers,  see 
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STANDARDS  FOR  ELECTRIC  RAILWAYS 

DEFINITIONS 

760  Transmission  System:  When  the  current  generated  for  an 
electric  railway  is  changed  in  kind  or  voltage,  between  the  gen- 
erator and  the  cars  or  locomotives,  that  portion  of  the  conductor 
system  carrying  current  of  a  kind  or  voltage  substantially  different 
from  that  received  by  the  cars  or  locomotives,  constitutes  the  tranS' 
mission  system.* 

761  Distribution  System:  That  portion  of  the  conductor  system 
of  an  electric  railway  which  carries  current  of  the  kind  and 
voltage  received  by  the  cars  or  locomotives,  constitutes  the  J«f/r«- 
bution  system* 

762  Substation:  A  substation  is  a  group  of  apparatus  or  ma- 
chinery which  receives  current  from  a  transmission  system,  changes 
its  kind  or  voltage,  and  delivers  it  to  a  distribution  system.  «. 

RATING  OF  RAILWAY  SUBSTATION  MACHINERY 

768  Continuous  Rating.  The  rating  of  a  substation  machine  shall 
be  the  kv-a.  output  at  a  stated  power  factor  input,  which  it  will 
deliver  continuously  with  temperatures  or  temperature  rises  not 
exceeding  the  limiting  values  given  in  Sections  876  and  379  and  also 
fulfilling  the  other  requirements  set  forth  in  these  rules  and  sum- 
marized in  Section  260. 

764  Momentary  Loads.  These  machines  should  be  capable  of  carrying 
a  load  of  twice  their  rating  for  one  minute,  after  a  continuous  run  at 
rated  load,  without  disqualifying  them  for  continuous  service. 

766  Nominal  Rating.  Where  the  continuous  rating  is  inconvenient, 
the  following  nominal  rating  may  be  used.  The  nominal  rating  of  a 
substation  machine  shall  be  the  kv-a.  output  at  a  stated  power  factor 
input,  which,  having  produced  a  constant  temperature  in  the  machine 
may  be  increased  50  per  cent  for  two  hours,  without  producing 
temperatures  or  temperature  rises  exceeding  by  more  than  5*0.  the 
limiting  values  given  in  §876  and  379.  These  machines  should  be 
capable  of  carrying  a  load  of  twice  their  nominal  rating  for  a  period 
of  one  minute,  without  disqualifying  them  for  continuous  service. 
The  name  plate  should  be  marked  "  nominal  rating." 

CONDUCTOR  AND   RAIL  SYSTEMS. 

766  Contact  Conductors.  That  part  of  the  distribution  system  other 
than  the  traffic  rails,  which  is  in  immediate  electrical  contact  with 

^These  aefinitions  are  identical  in  sense,  although  not  in  words,  with  those 
of  the  Interstate  Commerce  Commission,  as  given  in  their  Classification  of  Accounts 
for  Electric  Railways. 
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the   circuits  oF   the  cars  or  locoinotives,   constitutes  the  contact 

conductors. 
787       Contact  Rail:     A  rigid  contact  conductor. 
7M        OvERHEAC  Contact  Rail:     A  contact  rail  above  the  elevation 

of  the  maximum  equipment  line.f 

769  Third  Rail;  A  contact  conductor  placed  at  either  side  of  the 
track,  the  contact  surface  of  which  is  a  few  inches  above  the  level 
oE  the  top  of  the  track  rails. 

770  Cesteb  Contact  Rail:  A  contact  conductor  placed  between  the 
track  rails,  having  its  contact  surface  above  the  ground  level. 

771  UxoEHCkouNo  Contact  Rail:  A  contact  conductor  placed 
beneath   the   j;rDund   level. 

773  Gage  of  Thiru  Rail:  The  distance,  measured  parallel  to  the 
plane  of  running  rails,  between  the  gage  line  of  the  nearer  track  rail 
and  the  inside  gage  line  of  the  contact  surface  of  the  third  rail. 

773  Elevation  of  Third  Rail:  The  elevation  of  the  con  tact- surface 
of  the  third  rail,  with  respect  to  the  plane  of  the  tops  of  running 

774  Standasd  Gacb  of  Third  Rails:  The  gage  of  third  rails  shall 
be  not  less  than  26  inches  (66  cm.)  and  not  more  than  27  inches  (63.6 
cm.). 

77B  Standard  Elevation  of  Third 
rails  shall  be  not  less  than  2i  inches 
3)  inches  (89  mm.). 

776  Third  Rail  Protection:  A  guard  for  the  purpose  of  preventing 
accidental  contact  with  the  third  rail. 

777  Trolley  Wire;  A  flexible  contact  conductor,  customarily  sup- 
ported above  the  cars. 

778  Messenger  Wire  or  Cable:  A  wire  or  cable  running  along  with 
and  supporting  other  wires,  cables  or  contact  conductors. 

A  primary  messenger  is  directly  attached  to  the  supporting  system. 
A  secondary  messenger  is  intermediate  between  a  primary  messenger 
and  the  wires,  cables  or  contact  conductors. 

779  Classes  of  Construction:  Overhead  trolley  construction  will  be 
classed  as  Direct  Suspension  and  Messenger  or  Catenary  Suspension 

780  DikECT  Suspension:  All  forms  of  overhead  trolley  construction 
in  which  the  trolley  wires  are  attached,  by  insulating  devices,  directly 
to  the  main  supporting  system. 

781  Messenger  or  Catenary  Suspension:  All  forms  o(  overhead 
trolley  construction  in  which  the  trolley  wires  are  attached,  by  suit- 
able devices,  to  one  or  more  messenger  cables,  which  in  turn  may  be 
carried  either  in  Simple  Catenary,  i.e.,  by  primary  messengers,  or  in 
Compound   Catenary,  i.e.,  by  secondary  messengers. 

783       Supporting  Sysxays  shall  be  classed  as  follows: 
783       SiypLB  Cross-Span  Systems:     Those  systems  having  at  each  sup- 
port a  single  flexible  span  across  the  track  or  tracks. 

IThe  contour  which  embncei  croii-iectioai  □(  all  rotUng  itock  under  nil  DOrmal 
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784  Messenger  Cross- Span  Systems:  Those  systems  having  at  each 
support  two  or  more  flexible  spans  across  the  track  or  tracks,  the  upper 
span  carrying  part  or  all  of  the  vertical  load  of  the  lower  span. 

786  Bracket  Systems:  Those  systems  having  at  each  support  an 
arm  or  similar  rigid  member,  supported  at  only  one  side  of  the  track 
or  tracks. 

786  Bridge  Systems:  Those  systems  having  at  each  support  a  rigid 
member,  supported  at  both  sides  of  the  track  or  tracks. 

787  Standard  Height  of  Trolley  Wire  on  Street  and  Interurbam 
Railways:  It  is  recommended  that  supporting  structures  shall  be 
of  such  height  that  the  lowest  point  of  the  trolley  wire  shall  be  at  a 
height  of  18  feet  (5.5m.)  above  the  top  of  rail  under  conditions  of 
maximum  sag,  unless  local  conditions  prevent.  On  trackage  opera- 
ting electric  and  steam  road  equipment  and  at  crossings  over  steam 
roads,  it  is  recommended  that  the  trolley  wire  shall  be  not  lest 
than  21  feet  (6.4m.)  above  the  top  of  rail,  under  conditions  of  max- 
imum sag. 

RAILWAY  MOTORS 

RATING 

800  Nominal  Rating:  The  nominal  rating  of  a  railway  motor 
shall  be  the  mechanical  output  at  the  car  or  locomotive  axle,  measured 
in  kilowatts,  which  causes  a  rise  of  temperature  above  the  surrounding 
air,  by  thermometer,  not  exceeding  90  *C.  at  the  commutator, 
and  75  *C.  at  any  other  normally  accessible  part  after  one  hour't 
continuous  run  at  its  rated  voltage  (and  frequency  in  the  case  of  an 
alternating-current  motor)  on  a  stand  with  the  motor  covers  ar- 
ranged to  secure  maximum  ventilation  without  external  blower. 
The  rise  in  temperature  as  measured  by  resistance,  shall  not  exceed 
100*C.* 

801  The  statement  of  the  nominal  rating  shall  also  include  the  corres- 
ponding voltage  and  armature  speed. 

802  Continuous  Rating:  The  continuous  ratings  of  a  railway 
motor  shall  be  the  inputs  in  amperes  at  which  it  may  be  operated 
continuously  at  i,  }  and  full  voltage  respectively,  without  ex- 
ceeding the  specified  temperature  rises  (see  (806),  when  operated  on 
stand  test  with  motor  covers  and  cooling  system,  if  any,  arranged  as  in 
service.  Inasmuch  as  the  same  motor  may  be  operated  under  different 
conditions  as  regards  ventilation,  it  will  be  necessary  in  each  case  to 

*  This  definition  differs  from  that  in  the  1911  edition  of  the  Rules,  principally  by 
the  substitution  of  a  kilowatt  rating  for  the  horse-power  rating  and  the  omission  of  a 
reference  to  a  room  temperature  of  25  C.  For  the  purposes  of  these  Rules  the  horse- 
power shall  be  taken  as  746.0  watts.  On  account  of  the  hitherto  prevailing  practise 
of  expressing  mechanical  output  in  horse-power,  it  is  recommended  that,  for  the  present 
the  capacity  be  expressed  both  in  kilowatts  and  in  horse-power,  a  double  rating, 
namely, 

kw. approx.  equiv.  h.p. 

In  order  to  lay  stress  upon  the  preferred  future  basis,  it  is  desirable  that  on  rating 
plates,  the  rating  in  kilowatts  shall  be  shown  in  larger  and  more  prominent  characters 
than  the  capacity  in  horse  power. 
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define  the  system  of  ventilation  which  is  used.  In  case  motors  are 
cooled  by  external  blowers,  the  flow  of  air  on  which  the  rating  is 
based  shall  be  given. 

803       Maximum  Input.     The  subject  of   momentary  loads  for  railway 
motors  is  under  investigation. 


804 


TEMPERATURE  LIMITATIONS 
The  allowable  temperature  in  any  part  of  a  motor  in  service  will  be 
governed  by  the  kind  of  material  with  which  that  part  is  insulated. 
In  view  of  space  limitations,  and  the  cost  of  carrying  dead  weight 
on  cars,  it  is  considered  good  practice  to  operate  railway  motors 
for  short  pertods  at  higher  temperatures  than  would  be  advisable 
in  stationary  motors.     The  following  temperatures  are  permissible: 

TABLE  XV 
Operating  Temperatures  of  Railway  Motors 


1 
1 

Maximum  Observable 

Class           Temperature  of  windings 

i  when  in  continuous  service. 

of 

By 
See  §376    Thermometer 
to  8'/9.           See  §346 

By 
Resistance 

A                       85    ■ 

B                     100 

110 

130 

For   infrequent   occasions,    due    to   extreme   ambient    temperatures, 
it  is  permissible  to  operate  at  15°  higher    temperature. 

806        With  a  view   to  not  exceeding  tl\e  above  temperature  liniitatioi  s, 
tiie  continu'.us   ratin>;s  shall   l>e   based   upon   the  temperature   rises 


i  I 
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806  Field-Control  Motors.  The  nominal  and  continuous  ratings  of  field- 
control  motors  shall  relate  to  their  performance  with  the  operating 
field  which  gives  the  maximum  motor  rating.  Each  section  of  the 
field  windings  shall  be  adequate  to  perform  the  service  required  of  it, 
without  exceeding  the  specified  temperature  rises. 


CHARACTERISTIC  CURVES 

810  The  Characteristic  Curves  of  railway  motors  shall  be  plotted  with 
the  current  as  abscissas  and  the  tractive  effort,  speed  and  efficiency 
as  ordinates.  In  the  case  of  a-c.  motors,  the  power  factor  shall 
also  be  plotted  as  ordinates. 

811  Characteristic  curves  of  direct-current  motors  shall  be  based 
upon  full  voltage,  which  shall  be  taken  as  600  volts,  or  a  multiple 
thereof. 

812  In  the  case  of  field-control  motors,  characteristic  curves  shall  be 
given  for  all  operating  field  connections. 


EFFICIENCY  AND  LOSSES 

816  The  efficiency  of  railway  motors  shall  be  deduced  from  a 
determination  of  the  losses  enumerated  in  {816  to  820.  (See  also 
S  1100  and  1101.) 

816  The  copper  loss  shall  be  determined  from  resistance  measurements 
corrected  to  75**  C. 

817  The  no-load  core  loss,  brush  friction,  armature-bearing  friction 
and  windage  shall  be  determined  as  a  total  under  the  following 

conditions: 

In  making  the  test,  the  motor  shall  be  run  without  gears. 
The  kind  of  brushes  and  the  brush  pressure  shall  be  the 
same  as  in  commercial  service.  With  the  field  separately  ex- 
cited, such  a  voltage  shall  be  applied  to  the  armature  terminals  as 
will  give  the  same  speed  for  any  given  field  current  as  is  obtained 
with  that  field  current  when  operating  at  normal  voltage  under  load. 
The  sum  of  the  losses  above-mentioned,  is  equal  to  the  product  of 
the  counter-electromotive  force  and  the  armature  current. 

818  The  core  loss  in  d-c.  motors  shall  be  separated  from  the  friction 
and  windage  losses  above  described  by  measuring  the  power  required 
to  drive  the  motor  at  any  given  speed  without  gears,  by  running  it 
as  a  series  motor  on  low  voltage  and  deducting  this  loss  from  the 
sum  of  the  no-load  losses  at  corresponding  speed.  (See  (1101  for 
alternative  method). 

The  friction  and  windage  losses  under  load  shall  be  assumed  to 
be  the  same  as  without  load,  at  the  same  speed. 

The  core  loss  under  load  shall  be  assumed  as  follows: 
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TABLE  XVII 
Core  Lobs  in  D-C.  HaUway  Motors  at  Various  Loads. 

Per  cent  of  Input 
at   Nominal    Rating 

Loss    as    Per    cent   of 
No-load   Core  Loss 

200 
150 
100 

76 

50 

2b  and  under 

165 

146 

130          _ 

lU        ■ 

123          T 

122 

Ndtr:— With  motor.  dMigocd  lOT  fieU  control  \ht  cort  Iosm.  .h.ll  b.  Plumed  ■ 
lime  lor  both  full  luid  pcrniBTHrnl  field.      It  shiUbe  tht  m™n  hMwten  Ihe  no-lo»d 
.1  full  uid  perin«nenl  field,  increaied  by  the  percMltgei  given  la  the  ibave  Table 

819       The  brush-contact  resistance  toss  to  be  used  in  detentiining 
efficiency,  may  be  obtained  by  assuming  that  the  sum  of  the  droj 
the  contact  surfaces  of   the  positive  and  negative  brushes  is  t 
volts. 

830       The  losses  in  gearing  and  axle  bearings  for  single -reduction   sii 
geared  motors,  varies  with  type,  mechanical  finish,  age  and  lubrica 
The  following   values,   based   on   accumulated   tests,   shall    be 
in  the  comparison  of  sinnie-reduction  Kingle-geared  motors. 

TABLE   XVm 

Losses  ID  Axle  Bearings  and  Single-Reduction  Gearing  of  Railwaj  Ho 


Per  Cent  of  Input 
at  Nominal  Rating 

Losses  as 

Per  Cent  of  Input 

200 
150 
125 

3.6 
3.0 
2.7 

100 
75 
60 

2.5 
2.S 
2.7 

50 
40 
30 

3.2 
4.4 

6.7 

25 

8,5 

ELECTRIC  LOCOMOTIVES 
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882  Nominal  Tractive  Effort:  The  nominml  tractive  effort,  eipf  ewd  ia 
pounds,  shall  be  that  exerted  at  the  rims  of  the  diiveni,  when  the 
motors  are  operating  at  their  nominal  (one-hour)  rating. 

838  Continuous  Tractive  Bffort.  The  continuous  tractive  effort,  ex- 
pressed in  pounds,  shall  be  that  exerted  at  the  rims  d  the  driven 
when  the  motors  are  operating  at  their  full-voltage  continuous  rat* 
ing,  as  indicated  in  |808. 

In  the  case  of  locomotives  operating  on  intermittent  service,  the 
continuous  tractive  effort  may  be  given  f or  i  or  |  voltage,  but  is 
such  cases  the  voltage  shall  be  clearly  specified. 

884  Speed:  The  rated  speed,  expressed  in  miles  per  hour,  shall  be 
that  at  which  the  continuous  tractive  effort  is  exerted. 

See  also  Appendix  II  on  Additional  Standards  for  Railway  Motors. 

RATING   OF  AUTOMOBILB  PROPULSION  MOTORS 

AND  OBNERATORS 

(ROAD  VBmCLBS) 

886  Continuous  Rating.  Automobile  propulsion  motors  and  generatora 
shall  be  given  a  continuous  rating,  expressed  in  kilowatts  output 
available  at  the  shaft  at  specified  speed.  The  machines  shall  be 
able  to  operate  continuously  at  their  rated  outputs  without  exceeding 
any  of  the  limitations  referred  to  in  f 260. 

886  Short-Time  Rating.  Owing  to  the  variety  of  services  which  road 
vehicles  are  called  upon  to  perform,  no  sin^e  standard  period  for 
short-time  ratings  is  recommended. 

837  Nominal  Rating.  No  special  nominal  rating  .is  required  for 
automobile  propulsion  motors  or  generaton. 

888  Temperature  Rises.  Owing  to  space  limitations  and  the  cost  of 
carrying  dead  weight  on  automobiles,  it  is  considered  good  practice 
to  operate  the  propulsion  machinery  at  higher  temperatures  than 
would  be  advisable  in  stationary  machines.  The  rating  of  auto- 
mobiles motors  and  generaton  shall  be  based  upon  temperature  rise, 
on  a  stand  test  and  with  motor  covers  arranged  as  in  service,  fifteen 
degrees  by  thermometer  or  twenty-five  degrees  by  resistance,  above 
those  of  §879. 

889  Efficiency  and  Losses.  Unless  otherwise  specified  the  efficiency 
of  automobile  propulsion  machines  shall  be  based  upon  the  output 
at  the  shaft,  using  conventional  losses  as  tabulated  in  |440. 
When  such  machines  are  of  low  voltage,  the  great  influence  ol  brush- 
contact  losses  on  the  efficiency  requires  that  these  losses  be  deter- 
mined experimentally  for  the  type  of  brush  used. 
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ILLUMINATION  AND  PHOTOMETRY 

The  following  Sections,  860  to  896,  are  abstracts  from  the  rules  of 
the  Nomenclature  and  Standards  Committee  of  the  Illuminating 
Engineering  Society.     They  are  here  included  by  permission. 

860  Luminous  Flux  is  radiant  power  evaluated  according  to  its  ca- 
pacity to  produce  the  sensation  of  light. 

861  The  stimulus  coefficient  K^ioT  radiation  of  a  particular  wave- 
length, is  the  ratio  of  the  luminous  flux  to  the  radiant  power  pro- 
ducing it. 

862  The  mean  value  of  the  stimulus  coefficient,  Km,  over  any  range 
of  wave-lengths,  or  for  the  whole  visible  spectrum  of  any  source, 
is  the  ratio  of  the  total  luminous  flux  (in  lumens)  to  the  total  radiant 
power  (in  ergs  per  second,  but  more  commonly  in  watts). 

863  The  luminous  intensity  of  a  point  source  of  light  is  the  solid 
angular  density  of  the  luminous  flux  emitted  by  the  source  in  the 
direction  considered;  or  it  is  the  flux  per  unit  solid  angle  from  that 
source. 

Defining  equation: 

Let  /  be  the  intensity,  F  the  flux  and  0)  the  soHd  angle. 

Then  if  the  intensity  is  uniform, 

F 

864  Illumination,  on  a  surface,  is  the  luminous  flux-density  over  that 
surface,  or  the  flux  per  unit  of  intercepting  area. 

Defining  equation: 

Let  E  be  the  illumination  and  ^'  the  area  c>i  the  inter(  epting  surface. 
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the  C.  G.  S.  system.     One  foot-candle  is  one  lumen  per  square  foot 
and  is  equal  to  1.0764  milliphots. 

860       Specific  luminous  radiation,  the  luminous    flux-density  emitted 
by  a  surface,  or  the  flux  emitted  per  unit  of  emissive  area.     It  is 
expressed  in  lumens  per  square  centimeter. 
Defining  equation: 

Let  E'  be  the  specific  luminous  radiation. 
For  surfaces  obeying  Lambert's  cosine  law  of  emission. 

E'  -  TT^o. 

868  The  Lambert,  the  C.  G.  S.  Unit  of  Brightness,  the  brightness  of  a 
perfectly  diffusing  surface  radiating  or  reflecting  one  lumen  per  square 
centimeter.  This  is  equivalent  to  the  brightness  of  a  perfectly  dif- 
fusing surface  having  a  coeflicient  of  reflection  equal  to  unity  and 
illuminated  by  one  phot. 

864  For  most  purposes,  the  millilambert  (0.001  lambert)  is  the  preferable 
practical  unit.  A  perfectly  diffusing  surface  emitting  one  lumen 
per  square  foot  will  have  a  brightness  of  1.076  millilamberts. 

866      Brightness  expressed  in  candles  per  square  centimeter  may  be 

reduced  to  Lamberts  by  multiplying  by  TT. 

Brightness  expressed  in  candles  per  square  inch  may  be  reduced 
to  foot-candle  brightness,  by  multiplying  by  the  factor  144  TT  ■■  462. 

Brightness  expressed  in  candles  per  square  inch  may  be  reduced 
to  lamberts  by  multiplying  by  7r/6.45  =  0.4868. 

In  practise,  no  surface  obeys  exactly  Lambert's  cosine  law  of 
emission;  hence  the  brightness  of  a  surface  in  lamberts  is,  in  general 
not  numerically  equal  to  its  specific  luminous  radiation  in  lumens 
per  square  centimeter. 

866  Coefficient  of  reflection,  the  ratio  of  the  total  luminous  flux  reflected 
by  a  surface  to  the  total  luminous  flux  incident  upon  it.  It  is  a 
simple  numeric.  The  reflection  from  a  surface  may  be  regular, 
diffuse  or  mixed.  In  perfect  regular  reflection,  all  of  the  flux  is 
reflected  from  the  surface  at  an  angle  of  reflection  equal  to  the  angle 
of  incidence.  In  perfect  diffuse  reflection,  the  flux  is  reflected  from 
the  surface  in  all  directions,  in  accordance  with  Lambert's  cosine  law. 
In  most  practical  cases,  there  is  a  superposition  of  regular  and  diffuse 
reflection. 

867  Coefficient  of  regular  reflection  is  the  ratio  of  the  luminous  flux 
reflected  regularly  to  the  total  incident  flux. 

868  Coefficient  of  diffuse  reflection  is  the  ratio  of  the  luminous  flux 
reflected  diffusely  to  the  total  incident  flux. 

Defining  equation: 

Let  m  be  the  coefficient  of  reflection  (regular  or  diffuse). 

Then,  for  any  given  portion  of  the  surface, 

E' 

2  A  uniform  source  of  one  candle  emits  4r  lumens. 
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869        Lamp,  a  generic  term  for  an  artificial  source  of  light. 

B70      Primary    luminous    standard,   a    rf cognized    standard    1u' 
source  reproducible  from  specifications. 

B71  Representative  luminous  standard,  a  standard  of  luminous  in- 
lensity  adopted  as  the  authoritative  custodian  of  the  accepted  vbIvs 
of  the  unit. 

873  Reference  standard,  a.  standard  calibrated  in  terms  of  the  unit  from 
either  a  primary  or  representative  standard  and  used  for  the  cali- 
bration of  working  standards. 

873  Working  standard,  an)-  standardized  luminous  source  for  daily 
use  in  photometry. 

874  Comparison  lamp,  a  lamp  of  constant  Ijut  not  necessarily  known 
candle-power,  against  which  a  working  standard  and  test  lamps  are 
successively  compared  in  a  photometer, 

876       Test  lamp,  in  a  photometer,— a  lamp  to  be  tested. 

87s  Performance  curve,  a  curve  representing  the  behavior  of  a  lamp 
in  any  particular  (candle-power,  consumption,  etc.)  at  different 
periods  during  its  life. 

•77  CharecteriEtic  curve,  a  curve  expressing  a  relation  between  two 
variable  properties  of  a  luminous  source,  as  candle-power  and  volts, 
candle-power  and  rate  of  fuel   consumption,  etc. 

B7B  Horizontal  Distribution  Curve.  A  polar  curve  representing  the 
luminous  intensity  of  a  lamp,  iir  lighting  unit,  in  a  plane  perpendi- 
cular to  the  axis  of  the  unit,  and  with  the  unit  at  the  origin. 

879  Vertical  Distribution  Curve.  A  polar  curve  representing  the 
luminous  intensity  of  a  lamp,  or  lighting  unit,  in  a  plane  passing 
through  the  axis  o£  the  unit,  and  with  the  unit  at  the  origin.  Unless 
otherwise  specified,  a  vertical  distribution  curve  is  assumed  to  be 
an  average  vertical  distribution  curve,  such  as  may  in  many  cases  be 
obtained  by  rotating  the  unit  about  its  axis  and  measuring  the  aver- 
age intensities  at  the  different  elevations.  It  is  recommended  that 
in  vertical  distribution  curves,  angles  of  elevation  shall  be  counted 
positively  from  the  nadir  as  zero,  to  the  zenith  as  180  degrees.  In 
the  case  of  incandescent  lamps,  it  is  assumed  that  the  vertical  dis- 
tribution curve  is  taken  with  the  tip  downward, 

860  Mean  horizontal  candle-power  of  a  lamp,— the  average  candle- 
power  in  the  horizontal  plane  passing  through  the  luminous  center  of 
the  lamp. 

It  is  here  assumed  that  the  lamp  (or  other  hght  source)  is  mounted 
in  the  usual  manner,  or,  as  in  the  case  of  an  incandescent  lamp,  with 
its  axis  of  symmetry   vertical. 

881  Mean  spherical  candle-power  of  a  lamp, — the  average  candle- 
power  of  a  lamp  in  all  directions  in  space.  It  is  equal  to  the  total 
luminous  flux  of  iIil-  lamp,  in  lumens,  divided  by  4jr. 

B63  Mean  hemisphericsl  candle-power  of  a  lamp  (upper  or  lower), — 
the  average  candle-power  of  a  tamp  in  the  hemisphere  considered. 
It  is  equal  to  the  total  luminous  flux  emitted  by  the  lamp,  in  that 
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888  Mean  zonal  candle-power  of  a  lamp, — the  average  candle-power 
of  a  lamp  over  the  given  zone.  It  is  equal  to  the  total  luminous 
flux  emitted  by  the  lamp  in  that  zone,  divided  by  the  solid  angle  of 
the  zone. 

884  Spherical  reduction  factor  of  a  lamp, — the  ratio  of  the  mean  spheri- 
cal to  the  mean  horizontal  candle-power  of  the  lamp.' 

886  Photometric  Tests  in  which  the  results  are  stated  in  candle-power 
should  be  made  at  such  a  distance  from  the  source  of  light  that  the 
latter  may  be  regarded  as  practically  a  point.  Where  tests  are  made 
in  the  measurement  of  lamps  with  reflectors,  the  results  should  always 
be  given  as  "  apparent  candle-power  "  at  the  distance  employed, 
which  distance  should  always  be  specifically  stated. 

886  The  output  of  all  illuminants  should  be  expressed  in  lumens. 

887  niumlnants  should  be  rated  upon  a  lumen  basis  instead  of  a  candle- 
power  basis. 

888  The  specific  output  of  electric  lamps  should  be  stated  in  lumens 
per  watt;  and  the  specific  output  of  illuminants  depending  upon 
combustion  should  be  stated  in  lumens  per  b.t.u.  per  hour.  The 
use  of  the  term  "  efficiency  "  in  this  connection  should  be  discouraged. 

When  auxiliary  devices  are  necessarily  employed  in  circuit  with  a 
lamp,  the'input  should  be  taken  to  include  both  that  in  the  lamp  and 
that  in  the  auxiliary  devices.  For  example,  the  watts  lost  in  the 
ballast  resistance  of  an  arc  lamp  are  properly  chargeable  to  the  lamp. 

889  The  Specific  Consumption  of  an  electric  lamp  is  its  watt  consump- 
tion per  lumen.  "  Watts  per  candle  "  is  a  term  used  commercially 
in  connection  with  electric  incandescent  lamps,  and  denotes  watts 
per  mean  horizontal  candle-power. 

890  Life  Tests.  Electric  Incandescent  Lamps  of  a  given  type  may  be 
assumed  to  operate  under  comparable  conditions  only  when  their 
lumens  per  watt  consumed  are  the  same.  Life-test  results,  in  order 
to  be  compared,  must  be  either  conducted  under,  or  reduced  to, 
comparable  conditions  of  operation. 

891  In  Comparing  Different  Luminous  Sources,  not  only  should  their 
candle-power  be  compared,  but  also  their  relative  form,  brightness, 
distribution  of  illumination  and  character  of  light. 

892  Lamp  Accessories.  A  reflector  is  an  appliance,  the  chief  use  of 
which  is  to  redirect  the  luminous  flux  of  a  lamp  in  a  desired  direc- 
tion or  directions. 

893  A  Shade  is  an  appliance,  the  chief  use  of  which  is  to  diminish  or  to 
interrupt  the  flux  of  a  lamp  in  certain  directions,  where  such  flux 
is  not  desirable.  The  function  of  a  shade  is  commonly  combined 
with  that  of  a  reflector. 

894  A  Globe  is  an  enclosing  appliance  of  clear  or  diffusing  materiaU , 
the  chief  use  of  which  is  either  to  protect  the  lamp,  or  to  diffuse  its 

light. 


3  In  the  case  of  a  uniform  point-source,  this  factor  would  b«  unity.  Mid  for  a  ftral^rt 
cylindrical  filament  obeying  the  cosine  law  it  would  be  «>/«. 
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896  TABLE  XIX. 

Photometric  Units  and  Abbreviations. 


STANDARDIZATION  RULES  OF  THE  A,  I.  E,  E.         1639 


STANDARDS  FOR  TELEPHONY  AND  TELEGRAPHY 

910  After  careful  consideration,  it  does  not  seem  that  the  time  is 
yet  ripe  for  a  formal  standardization  of  terms  and  definitions  used 
in  telephony  and  telegraphy.  Many  of  the  terms  commonly 
employed  are  used  in  more  than  a  single  way,  and  conversely,  many 
pieces  of  apparatus  and  many  constants  which  are  essentially 
identical  from  a  physical  standpoint  have  been  and  are  known  by 
more  than  one  designation. 

911  Damping  of  a  Circuit.  The  damping,  at  a  given  point,  in  a  circuit 
from  which  the  source  of  energy  has  been  withdrawn,  is  the  pro- 
gressive diminution  in  the  effective  value  of  electromotive  force 
and  current  at  that  point  resulting  from  the  withdrawal  of  elec- 
trical energy. 

912  Damping  Constant.  The  damping  constant  of  a  circuit  depends 
upon  the  ratio  of  the  dissipative  to  the  reactive  component  of  its 
impedance  or  admittance. 

Applied  to  the  admittance  of  a  condenser  or  other  simple  circuit 
having  capacity  reactance,  the  damping  constant  for  a  harmonic 
electromotive  force  of  given  frequency  is  the  ratio  of  the  conduc- 
tance of  the  condenser  or  simple  circuit  at  that  frequency,  to  twice 
the  capacity  of  the  condenser  at  the  same  frequency. 

Applied  to  the  reactance  of  a  coil  or  other  simple  circuit  having 
inductive  reactance,  the  damping  constant  for  a  harmonic  current 
of  given  frequency  is  the  ratio  of  the  resistance  of  the  coil  or  cir- 
cuit at  that  frequency,  to  twice  the  inductance  at  the  same  frequency. 

918  Equivalent  Circuit.  An  equivalent  circuit  is  a  simple  network 
of  series  and  shunt  impedances,  which,  at  a  given  frequency,  is 
the  approximate  electrical  equivalent  of  a  complex  network  at  the 
same  frequency  and  under  steady-state   conditions. 

Note:  As  ordinarily  considered,  the  simple  networks  as  defined 
are  the  electrical  equivalents  of  complex  networks  only  with  respect 
to  definite  pairs  of  terminals,  and  only  as  to  sending-end  impedances, 
and  total  attenuation.  A  further  requirement  is  that  the  only  con- 
nections between  the  pairs  of  terminals  are  those  through  the  net- 
work itself. 

914       "  T  "  Equivalent  Circuit.  A  "  T  "  equivalent  circuit  is  a  triple- 
star  or  "  Y"  connection  of  three  impedances  externally  equivalent 
to  a  complex  network. 
Symbol :  »-AMA^\AA     i      waaa^— • 
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921  Attenuation  Constant.  The  attenuation  constant  is  the  real  part 
of   the   propagation   constant. 

922  Wave-Length  Constant.  The  wave-lefigth  constant  is  the  imaginary 
part  of  the  propagation  constant. 

LINE  CIRCUITS 

930  Ground-Return  Circuit.  A  ground-return  circuit  is  a  circuit  con- 
sisting of  one  or  more  metallic  conductors  in  parallel,  with  the 
circuit  completed  through  the  earth. 

931  Metallic  Circuit.  A  metallic  circuit  is  a  circuit  of  which  the  earth 
forms  no  part. 

982  Two- Wire  Circuit.  A  two-wire  circuit  is  a  metallic  circuit  formed 
by  two  paralleling  conductors   insulated   from    each    other. 

988  Superposed  Circuit.  A  superposed  circuit  is  an  additional  circuit 
obtained  from  a  circuit  normally  required  for  another  service,  and 
in  such  a  manner  that  the  two  services  can  be  given  simultaneously 
without  mutual  interference. 

934  Phantom  Circuit.  A  phantom  circuit  is  a  superposed  circuit, 
each  side  of  which  consists  of  the  two  conductors  of  a  two-wire 
circuit  in  parallel. 

936  Side  Circuit.  A  side  circuit  is  a  two-wire  circuit  forming  one  side 
of  a  phantom  circuit. 

936  Non-Phantomed  Circuit.  A  non-phantomed  circuit  is  a  two-wire 
circuit,  which  is  not  arranged  for  use  as  the  side  of  a  phantom  circuit. 

937  Simplezed  Circuit.  A  simplexed  circuit  is  a  two-wire  telephone 
circuit,  arranged  for  the  super-position  of  a  single  ground-return  sig- 
nalling circuit-operating  over  the  wires  in  parallel. 

Notb:     In  view  of  the  use  of  the  term  "  Simplex  Operation 
in  telegraph  practice,  it  is  felt  that  the  designation  "  Simplexed 
Circuit  "  as  applied  to  the  arrangement  described  is  not  a  happy  one. 

938  Composited  Circuit.  A  composited  circuit  is  a  two-wire  telephone 
circuit,  arranged  for  the  superposition  on  each  of  its  component 
metallic  conductors,  of  a  single  independent  ground-return  signalling 
circuit. 

939  Quadded  or  Phantomed  Cable.  A  quadded  or  phantomed  cable 
is  a  cable  adapted  for  the  use  of  phantom  circuits. 

Note:  The  type  of  cable  here  defined  has  frequently  becir 
designated  as  "  Duplex  Cable  " — a  term  which  is  objectionable , 
both  on  account  of  its  lack  of  description  and  its  widely  different 
use  in  telegraph  practice. 

LOADING 

960  Loaded  Line.  A  loaded  line  is  one  in  which  the  normal  indue* 
tance  of  the  circuit  has  been  altered  for  the  purpose  of  increasing 
its  transmission  efficiency  for  one  or  more  frequencies. 

961  Series  Loaded  Line.  A  series  loaded  line  is  one  in  which  the 
normal  inductance  has  been  altered  by  inductance  serially  applied. 


>  f 
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A  shunt  loaded  line  is  one  in  which  the  aot- 
drcuit  has  been  altered  by  inductance  applied 
in  shunt  across  the  circuit, 
963  Continuous  Loading.  A  continuous  loading  is  a  series  loading  in 
which  the  added  inductance  is  uniformly  distributed  along  the 
conductors, 
961  Coil  Loading.  A  coil  loading  '*  one  in  which  the  normal  induc- 
tance is  altered  by  the  insertion  of  lumped  inductance  in  the 
circuit  at  initTvalt..  This  lumped  inductance  may  be  applied 
either  in  series  or  in  shunt. 

Note:  As  commonly  understood,  coil  loading  is  a  series  load- 
ing, in  which  the  lumped  inductance  is  applied  at  uniformly  spaced 
recurring  intervals 

966  Microphone.  A  contact  device  designed  to  have  its  electrical  re- 
sistance directly  and  materially  allured  by  slight  differences  in 
mechanical   pressure. 

9SS       Relay.  A   relay  is  a  device  by   mei 

circuit  are  operated  under  tl:e  control   of   elec 
same  or  other  circuits. 

967  Resonance.  Resonance  of  a  harmonic  alternating  current  of  given 
frequency,  in  a  simple  series  circuit,  containing  resistance,  induc- 
tance and  capacity,  is  the  condition  in  which  the  positive  re- 
actance  of  the  inductance  is  numerically  equal  to  the  negative 
rcnrl.inrp  nf  thr  c.^p^c■ity,  Under  lliMc  conditions,  the  current 
flow  in  the  circuit  with   a  given  electromotive  force  is  a  maximttm. 

958  Retardation  Coil.  A  retardation  coil  is  a  reactor  (reactance  coil) 
used  in  a  circuit  for  the  purpose  of  selectively  reacting  on  cur- 
rents  which   vary  at  different  rates. 

NOTK;  In  telephone  and  telegraph  usage,  the  terms  "impedance 
coil,  "  "  inductance  coil,  "  choke  coil  '"  and  "  reactance  coil  "  are 
sometimes  used  in  place  of  the  term  "  retardation  coil.  " 

959  Skin  Effect.  Skin  effect  is  the  phenomenon  of  the  non-uniform 
distribution  of  current  throughout  the  cross-section  of  a  linear 
conductor,  occasioned  by  variations  in  the  intensity  of  the  mag- 
netic fit-Id  due  to  the  current  in  the  conductor. 

960  Telephone  Receiver.  A  telephone  receiver  is  an  electrically  opera- 
ted device,  designed  to  produce  sound  waves  or  vibrations  which 
correspond  in  form  to  the  electromagnetic  waves  or  vibrations 
actuating  it, 

961  Telephone  Transmitter.  A  telephone  transmitter  is  a  sound-wave 
or  vibration -operated  device  designed  to  produce  electromagnetic 
waves    or    vibrations  which  correspond  in  form  to  the  sound  wavei 

963  The  Coefficient  of  Couphng  of  a  Transformer.  The  coefficient 
of  coupling  of  a.  transformer  at  a  given  frequency,  is  the  vector 
ratio  o£  the  mutual  impedance  between  the  primary  and  second- 
ary  of   the  transformer,  to  the  square  root   of    the    product   of   the 
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APPENDIX  I. 

STANDARDS  FOR  RADIO  COMMUNICATION 

The  following  Sections  1000  to  1088  have  been  abstracted  from 
the  report  of  the  Standardization  Committee  of  the  Institute  of 
Radio  Engineers,  and  are  here  included  by  permission  as  an  Ap- 
pendix, until  further  revised.  For  full  particulars,  see  the  I.R.E. 
Standardization  Committee  report. 

1000  Acoustic  Resonance  Device.     One  which  utilizes,  in  its  operation, 
•   resonance  to  the  audio  frequency  of  the  received  signals. 

1001  Antenna.  A  system  of  conductors  designed  for  radiating  or 
absorbing  the  energy  of  electromagnetic  waves. 

1002  Atmospheric  Absorption.  That  portion  of  the  total  loss  of  radi- 
ated energy  due  to  atmospheric  conductivity. 

1008  Audio  Frequencies.  The  frequencies  corresponding  to  the  norm- 
ally audible  vibrations.  These  are  assumed  to  lie  below  10,000 
cycles  per  second. 

1004  Capacitive  Coupler.  An  apparatus  which,  by  electric  fields,  joins 
portions  of  two  radio  frequency  circuits,  and  which  is  used  to  transfer 
electrical  energy  between  these  circuits  through  the  action  of  elec- 
tric forces. 

1006  Coefficient  of  Coupling  inductive).  The  ratio  of  the  effective 
mutual  inductance  of  two  circuits  to  the  square  root  of  the  product 
of  the  effective  self-inductances  of  each  of  these  circuits. 

1006  Direct  Coupler.  A  coupler  which  magnetically  joins  two  cir- 
cuits having  a  common  conductive  portion. 

1007  Counterpoise.  A  system  of  electrical  conductors  forming  one 
portion  of  a  radiating  oscillator,  the  other  portion  of  which 
is  the  antenna.  In  land  stations  a  counterpoise  forms  a  capacitive 
connection  to  ground. 

1008  A  Damped  Alternating  Current  is  an  alternating  current  whose 
amplitude  progressively  diminishes. 

1009  The  Damping  Factor  of  an  exponentially  damped  alternating  cur- 
rent is  the  product  of  the  logarithmic  decrement  and  the  frequency. 

Let  /q  =  initial  amplitude 

It  -  amplitude  at  the  time  / 

6  »  base  of  Napierian  logarithms 

a  ==  damping  factor 

Then:  It  =  Iq  €-"" 

1010  Detector.  That  portion  of  the  receiving  apparatus  which,  con- 
nected to  a  circuit  carrying  currents  of  radio  frequency,  and  in 
conjunction  with  a  self-contained  or  separate  indicator,  translates 
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the  radio  frequency  energy  into  a  form  suitable  for  operation  of 
the  indicator.  This  translation  may  be  effected  either  by  the  con- 
version of  the  radio  frequency  energy,  or  by  means  of  the  control 
of  local  energy  by  the  energy  received. 

1011     Electromagnetic  Wave.     A  periodic  electromagnetic  disturbance 

. ___: i.1 I. 
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1019  Radio  Frequencies.  The  frequencies  higher  than  those  corres- 
ponding to  the  normally  audible  vibrations,  which  are  generally 
taken  as   10,000  cycles  per  second.     See  also  Audio  Frequencies. 

Note:  It  is  not  implied  that  radiation  cannot  be  secured  at 
lower  frequencies  and  the  distinction  from  audio  frequencies  is 
merely  one  of  definition  based  on  convenience 

1020  Resonance  of  a  circuit  to  a  given  exciting  alternating  e.m.f.  is  that 
condition  due  to  variation  of  the  inductance  oi  capacity  in  which 
the  resulting  effective  current  (or  voltage)  in  that  circuit  is  a  maximum. 

1024  A  Standard  Resonance  Curve  is  a  curve  the  ordinates  of  which 
are  the  ratios  of  the  square  of  the  current  at  any  frequency  to  the 
square  of  the  resonant  current,  and  the  abscissas  are  the  ratios  of 
the  corresopnding  wave  length  to  the  resonant  wave  length;  the 
abscissas  and  ordinates  having  the  same  scale. 

1026  Sustained  Radiation  consists  of  waves  radiated  from  a  conductor 
in  which  an  alternating  current  flows.) 

1027  Tuning.  The  process  of  securing  the  maximum  indication  by 
adjusting  the  time  period  of  a  driven  element.     (See  Resonance.) 

1028  A  Wave-Meter,  is  a  radio  frequency  measuring  instrument,  cali- 
brated to  read  wave  lengths. 

1030  Decremeter.  An  instrument  for  measuring  the  logarithmic  de- 
crement of  a  circuit  or  of  a  train  of  electromagnetic  waves. 

1031  Attenuation,  Radio.  The  decrease  with  distance  from  the  radi- 
ating source,  of  the  amplitude  of  the  electric  and  magnetic  forces 
accompanying  (and  constituting)  an  electromagnetic  wave. 

1032  Attenuation,  Coefficient  of  (Radio).  The  coefficient,  which,  when 
multiplied  by  the  distance  of  transmission  through  a  uniform  medium, 
gives  the  natural  logarithm  of  the  ratio  of  the  amplitude  of  the 
electric  or  magnetic  forces  at  that  distance,  to  the  initial  value  of 
the  corresponding  quantities. 

1033  Coupler.  An  apparatus  which  is  used  to  transfer  radio-frequency 
energy  from  one  circuit  to  another  by  associating  portions  of  these 
circuits. 
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APPENDIX  11. 

ADDITIONAL  STANDARDS  FOR  RAILWAY  MOTORS 

1100  In  comparing  projected  motors,  and  in  case  it  is  not  possible  or 
desirable  to  make  tests  to  determine  mechanical  losses,  the  follow- 
ing values  of  these  losses,  determined  from  the  averages  of  many 
tests  over  a  wide  range  of  sizes  of  single-reduction  single-geared 
motors,  will  be  found  useful,  as  approximations.  They  include 
axle-bearing,  gear,  armature-bearing,  brush-friction,  windage,  and 
stray-load  losses. 


TABLE  XX 
Approximate  Losses  in  D-C.  Railway  Motors. 


Input  in  per  cent  of  that  at  nominal 

rating 


100    or  over 
75 
60 


50 
40 
30 


25 


Losses  as  per  cent  of  input 

6.0 
6.0 
5^^ 

6.5 
8.8 
13^3 

17.0 


1101  The  core  loss  of  railway  motors  is  sonielimes  determined 
by  separately  exciting  the  iield,  and  driving  the  armature 
of  the  motor  to  oe  tested,  by  a  separate  ni(jtor  having  known  losses 
arnl  noting'  the  tlifferenees  in  losses  between  driving  the  motor  light 
at  various  si)eeds  and  dn\-in^  it   with  various  field  excitations. 

1102  Selection  of  Motor  For  Specified  Service 

The  following  information  relative  to  the  service  to   be  performed, 
i^  required,  in  order  that  an  appropriate  motor  may  be  selected. 
fa)    Weight  of  total  number  of  cars  in  train  (in  tons  of  2000  lb.) 

exclusive  of  electrical  equipment  and  load, 
(bj   Average  weight  of  load  and  durations  of  same,  and  maximum 

weight  of  load  and  durations  of  same, 
(c)    Number  of  motor  cars  or  locomotives  in  train,  and  number 
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(h)  Rate  of  acceleration  in  mi.  per.  hr.  per  second, 
(i)  Rate  of  braking  (retardation  in  m.  per  hr.  per  second), 
(j)  Speed  limitations,  if  any  (including  slowdowns), 
(k)  Distances  between  stations. 
(1)  Duration  of  station  stops. 
(m)   Schedule  speed  including  station  stops  in  m.p.h. 
(n)  Train  resistance  in  pounds  per  ton  of  2000  pounds  at  stated 

speeds, 
(o)  Moment  of  inertia  of  revolving  parts,  exclusive  of  electrical 

equipment, 
(p)  Profile  and  alignment  of  track. 

(q)  Distance  coasted  as  a  per  cent  of  the  distance  between  station 
stops. 

(r)  Time  of  layover  at  end  of  run,  if  any. 

1103  Stand-Test  Method  of  Comparing  Motor  Capacity  with  Service 
Requirements:  When  it  is  not  convenient  to  test  motors  under  actual 
specific  service  conditions,  recourse  may  be  had  to  the  following 
method  of  determining  temperature  rise. 

1104  The  essential  motor  losses  affectirg  temperatures  in  service  are 
those  in  the  motor  windings,  core  and  commutator.  The  mean  ser* 
vice  conditions  may  be  expressed,  as  a  close  approximation,  in  termi 
of  that  continuous  current  and  core  loss  which  will  produce  the  same 
losses  and  distribution  of  losses  as  the  average  in  service. 

A  stand  test  with  the  current  and  voltage  which  will  give 
losses  equal  to  those  in  service,  will  determine  whether  the  motor  has 
sufficient  capacity  to  meet  the  service  requirements.  In  service,  the 
temperature  rise  of  an  enclosed  motor  ((164),  well  exposed  to  the 
draught  of  air  incident  to  a  moving  car  or  locomotive,  will  be  from  76 
to  90  per  cent  (depending  upon  the  character  of  the  service)  of  the  tem- 
perature rise  obtained  on  a  stand  test  with  the  motor  completely 
enclosed  and  with  the  same  losses.  With  a  ventilated  motor  ({166 
and  §167),  the  temperature  rise  in  service  will  be  90  to  100  per  cent  of 
the  temperature  rise  obtained  on  a  stand  test  with  the  same  losses. 

1106  In  making  a  stand  test  to  determine  the  temperature  rise  in  a 
specific  service,  it  is  essential  in  the  case  of  a  self- ventilated  motor 
(i  167),  to  run  the  armature  at  a  speed  which  corresponds  to  the 
schedule  speed  in  service.  In  order  to  obtain  this  speed  it  may  be 
necessary,  while  maintaining  the  same  total  armature  losses,  to  change 
somewhat  the  ratio  between  the  I'R  and  core-loss  components. 

1106  Calculation  for  Comparing  Motor  Capacity  with  Service  Require- 
ments. The  heating  of  a  motor  should  be  determined,  wherever 
possible,  by  testing  it  in  service,  or  with  an  equivalent  duty  cyde. 
When  the  service  or  equivalent  duty-cycle  tests  are  not  practicable, 
the  ratings  of  the  motor  may  be  utilized  as  follows  to  determine  its 
temperature  rise. 

1107  The  motor  losses  which  affect  the  heating  of  the  windings  are  as 
stated  above,  those  in  the  windings  and  in  the  core.  The  former 
are  proportional  to  the  square  of  the  current.  The  latter  vary  with 
the  voltage  and  current,  according  to  curves  which  can  be  supplied 
by  the  manufacturers.     The  procedure  is  therefore  as  follows: 
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f  1108     (a)  Plot  a  time-turrent  turve.  a  lime-voltage  curve,  ai 

loss  curve  for  the  duly  cycle  whii;h  the  motor  is  to  pertorra,  and  calcu- 
late from  these  the  root -mean -square  current  and  the  average  core 

UM  (b)  U  the  calculated  r.m.s.  service  current  exceeds  the  contiauouB 
rating,  when  run  with  average  service  care  loss  and  speed,  the  motor 
is  not  sufficiently  powerful  for  the  duty  cycle  contemplated. 

UlO  (c)  If  the  calculated  r.m.s.  service  current  does  not  exceed 
the  continuous  rating,  when  run  with  average  service  core  loss 
and  speed,  the  motor  is  ordinarily  suitable  for  the  service.  In  some 
cases,  however,  it  may  not  have  sufHcient  thermal  capacity  to  avoid 
excessive  temperature  rises  during  the  periods  of  heavy  load. 
In  such  cases  a  further  calculation  is  required,  the  first  step  of  which 
is  to  compute  the  equivalent  voltage  which,  with  the  r.m.s.  current, 
will  produce  the  average  core-loss.  Having  obtained  this,  determine, 
as  follows,  the  temperature  rise  due  to  the  r.m.s.  service  current  and 
equivalent  voltage. 


Let  I  ••  temperature  rl 
Pa-  I^R  loss,  kw. 
p,  ■=  core  loss.  kw. 


vith  r.m.s.  service  current,  and   equivft- 


r  -  temperaiui 
Pb  "  I'R  lor 


_  with  continuous  load  current  correspond- 

P°=  core  loss   k'w  [  ing  to  the  equivalent  service  voltage. 

Then 

1  -    T  --'  r  p  '  ■  approiimately. 

1111  Id]  The  thermal  capacity  of  a  moXot  is  approMmalely  measured 
by  the  ratio  of  the  electrical  loss  in  kw.  at  its  nominal  (one-hotir) 
capacity,  to  the  corresponding  maximum  observable  temperature 
rise  during  a  one  hour  lest  starting  at  ambient  temperature. 

1112  (e)  Consider  any  period  of  peak  load  and  determine  the  dectrical 
losses  in  kilowatt- hours  during  that  period  from  the  eleclrtcol  effi- 
ciency curve.  Find  the  excess  of  the  above  losses  over  the 
losses  with  r.m.s.  service  current  and  equivalent  voltage.  The 
excess  loss,  divided  by  the  co-efKcient  of  thermal  capacity,  will  equ»l 
the  extra  temperature  rise  due  to  the  peak  load.  This  temperature 
rise  added  to  that  due  to  the  r.m.s.  service  current,  and  equiv- 
alent voltage,  gives  the  total  temperature  rise.  If  the  total 
temperature  rise  in  any  such  period  exceeds  the  safe  limit,  the 
motor  is  not  sufficiently  powerful  for  the  service. 

1113  (f)  It  the  temperature  reached,  due  to  the  peak  loads,  does  not 
exceed  the  safe  limit,  the  motor  may  yet  be  unsuitable  for  the  service, 
as  the  peak  loads  may  cause  excessive  sparking  and  dangerous  me- 
chanical  stresses.      It   is,   therefore,   necessary   to  compare  the  peak 

-i^rrt-oeriod  overload  capacity.      It  the  peaks  are  also 


i 


STANDARDIZATION  RULES  OF  THE  A,  I.  E,  E.        1649 


APPENDIX  m. 

BIBLIOGRAPHY  OF  LITBRATURB   RBLATING   TO    BLBCTRICAL 

BNGINBBRING  STANDARDIZATION 

Engineering  Manual  of  the  American  Electric  Railway  Engi- 
neering Association. 

Standardization  Rules  of  the  Electric  Power  Club. 

Report  of  the  Committee  on  Standardization  of  the  Institute  of 
Radio  Engineers. 

National  Electric  Code. 

Meter  Code — Code  for  Electricity  Meters  of  the  A.  B.  I.  C.  and 
N.  E.  L.  A. 

Standardization  Reports  of  the  Association  of  Railway  Electrical 
Engineers. 

Publications  of  American  Society  for  Testing  Materials. 
The  U.  S.  Bureau  of  Standards'  various  publications  including  Cir- 
culars 15,  22.  23,  29,  31,  34,  and  37. 

Reports  of  Committee  on  Nomenclature  and  Standards  of  Illumi- 
nating Engineering  Society. 

National  Electric  Light  Association. 

American  Institute  of  Electrical  Engineers,  Specifications. 

FOREIGN  PUBLICATIONS. 

Publications  of  the  Engineering  Standards  Committee  of  Great 
Britain. 

Institution  of  Electrical  Engineers,  London,  Wiring  Rules  and 
other  publications. 

Verband   Deutscher   Elektrotechniker. 

British  Electrical  and  Allied  Manufacturers'  Association,  Reports 
ef  the 

INTERNATIONAL   PUBLICATIONS. 

Publications  of  the  International  Electrotechnical  CommifsiQn. 
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SECTION 

Brushes.  Temp)eralure  of 392 

By-Laws  ot  Standards  Committee .  .  Page  10 


Cable,  Breakdown  Tests  of 686 

Cable,  Concentric,  N -Conductor,  de- 
fined    646 

Cable,  Concentric-Lay,  defined 643 

Cable,  defined 638 

Cable.  Duplex,  defined 647 

Cable.  N-Conductor,  defined 646 

Cable,  Rope- Lay,  defined 644 

Cable  Stranding  653.    054,    655.    656,    657 

Cable.  Triplex,  defined 649 

Cable.  Twin,  defined 648 

Cables.  Capacitance  694.  695,  696,  697,  698. 

699 

Cables,  Capacitance  of  Electric  Light 

and  Power 698 

Cables,  Electrical  Tests  of 678 

Cables,  Factor  of  Assurance 681 

Cables.  Heating  of 677 

Cables,  Immersion  for  Testing 679 

Cables.  Insulation  Resistance  of  688  to  693 
Cables.  Insulation  Resistance  Tests  of.  692 

Cables.  Lengths  for  Test 678 

Cables.  Measurement  of  Capacitance  of  696 
Cables.  Multiple  Conductor,  Capacity 

of 699 

Cables.  Multiple  Conductor,  Insulation 

Tests  of 693 

Cables.  Multiple  Conductor,  Tests  of. .    687 

Cables.  Paired.  Capacitance 697 

Cables.  Safe  Limiting  Temperature  of.    677 

Cables,  Sectional  Area  of 654 

Cables.  Test  Voltage 682,     683,       684 

Cables.  Test  Voltage  and  Frequence 

683.    685 

Candle,  defined 856 

Candle  Power 856 

Capacitance,  defined 80 

Capacitance.  Measurement  of 696 

Capacitance  of  Cables  .  .  694.  696.  696.  697. 

698,    699 

Capacitance.  Symbols 90 

Capacitive  Coupler,  defined 1004 

Capacity,  defined 80,  252,     261 

Capacity  Distinguished  from  Rating.  .  262 
Capacity  of  Electrical  Machines.  .261.    800 

Cascade  Converter Ill 

Catenary,  Compound 781 

Catenary,  Simple 781 

Catenary  Suspension. 781 

Center  Contact  Rail 770 

Characteristic     Curve     of     Luminous 

Sources 877 

Characteristic      Curves     of      Railway 

Motors 810,  811.    812 

Characteristic  Impedance,  defined 918 

Choke  Coils,  defined 214 

Circuit  Breakers,  definition 724 

Circuit  Breakers,  Performance  and  Test  726 


SSCTION 

Circuit  Breakers,  Rating  of 725 

Circuit,  Composited,  defined 938 

Circuit,  Ground  Returns,  defined 930 

Circuit,  Metallic,  defined 931 

Circuit,  Phantom,  defined 934 

Circuit.  Simplexed,   defined 937 

Circuit,  Superposed,  defined 933 

Circuits  for  Telephony  and  Telegraphy, 

definition 930  to  938 

Circular  Inch * 652 

Classification  of  Losses  in  Machinery.   435 

Classification  of  Machinery 100 

Classification  ot  Machines  for  Enclosure  160 
Coefficient  of  Coupling,  Inductive ....  1005 
Coefficient  of  Coupling  of  a  Transfor- 
mer    962 

Coefficient  of  Reflection 866.    868 

Coil  Ix>ading 954 

Collector  Rings  and  Commutator,  De- 
termination of  Brush  Friction  of...  450 

Collector  Rings,  Temperature  of 389 

Commutating  Machines,  defined 

130.  131,    132 

Commutating  Machines,  A-C, Losses  of  443 
Commutating  Machines,  Losses.  .440.    443 

Commutation  requirements 402 

Commutator  and  Collector  Rings,  De- 
termination of  Brush  Friction  of.   450 

Commutators,  Temperature  of 390 

Comparison,  Lamp,  defined 874 

Compensator,  Direct  Current 106 

Compensator,     Line- Drop    Voltmeter, 

defined 230 

Components  of  Current 21,      22 

Composited  Circuit 938 

Concentric-Lay  Cable,  defined 643 

Concentric  Strand,  defined 642 

Condensive  Load 25 

Conductance,  Symbol 90 

Conductivity  of  Copper 675 

Conductivity,  Symbol 90 

Conductor  and  Rail  Systems 766 

Conductor,  Contact 766 

Conductor,  defined 636 

Conductor,  Stranded,  defined 637 

Conductors,  Slza  of 652 

Connected  Load 61 

Connections  of  Transformers ....  600  to  608 
Constant-Current    Machines,    Regula- 
tion of 663 

Constant- Potential  Machinery,  Losses 

in 433 

Constant-Potential  Transformer, Rated 

Current,  defined 203 

Constant-Speed   D-C.  Motor.   Regula- 

tion  of 564 

Constant-Speed  Motors 161 

Contact  Conductors 766 

Contact  Rail,  Center,  defined 770 

Contact  Rail,  defined 767 

Contact  Rail,  Gage 772 

Contact  Rail,  Overhead,  defined 768 
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SECTION 

Efficiency,  Conventional,  defined 423 

Efficiency,  defined 83 

Efficiency  Determination 423,    426 

Efficiency,  Directly  Measured 425 

Efficiency.  Measurement  of 428 

Efficiency.  Normal  Conditions 427 

Efficiency.  Plant 421 

Efficiency.  Railway  Motors  815  to  820.  1 100 

Efficiency,  Symbol 90 

Efficiency.  Temperature  of  Reference. .  432 

Electric  Locomotives 830 

Electric  Railways.  Standards  for 700 

Electrical  Degree 7 

Electro- Magnetic  Wave,  defined 1011 

Electromotive  Force,  Symbols 90 

Electrostatic  Field  Intensity,  Symbol,  90 
Electrostatic  Flux  Density,  Symbol ...     90 

Electrostatic  Flux,  Symbol 90 

Embedded     Temperature     Detector 

Method 352 

Enclosed  Machine 164 

Enclosed  Machine;,  Temperatures.  .  .  .386a 

Equivalent  Circuit 913.  91 1,    916 

Equivalent  Phase  Difference 29 

Equivalent  Sine  Wave 18 

Equivalent  Tests, Standard  Duration  of  28.'» 
Errors  of  Indicating  Instruments,  de- 
fined    235 

Excitation  for  Regulation  Test 583 

Explosion- Proof  Machine 171 

Explosion- Proof  Slip-Ring  Enclosure.  .  J72 
Exposure 859 

F 

Factor  of  Assurance,  defined   081 

Field-Control  Motors.  Rating  of 806 

Field- Rheostat  Loss 455 

Field    Windings    of    A-C.    Generators. 

Test  Voltage    606 

Field    Win  lings   of   Synchronous    Ma- 
chines, Test  Voltage 507 

Flexible-  Cable  Stranding.  .  . 655 

Fluctuation,  defined 560 

Forced  Alternating  Current 1012 

Form  Factor,  defined 16 

Free  Alternating  Current    lOl.'i 

Frequencies.  Radio 1010 

Frequency,  defined .....        'J 

Fre(|uency  Converter 112 

I'roquency.  Grour).  defined l()l.*> 

Frequency     <A     Testing;     Voltage     for 

Cal)les (iJio 

Frequency  of  Testing  N'oltagc  liyv  Ma- 
chines     1S4 

Frequency.  Symbol  and  Aljbrcviation..  90 
Friction  and  Windage.  Railway  M'.»tors  817 
Friction,  Bearing  and  Windage  Losses, 

determination  of 4.^t) 

Fuses,  <lefinition 720 

Fuses.  Rating  i>t        1\\0 

Fuses,  Temperature  t>f T.W 

Fuses.  Test  of IWl 


O  SECTION 

Gage  of  Third  Rail 772 

Gages  for  Wires 652 

Gearing,  Losses  in 820.  1100 

Generator 101 

Generator.  D-C,  Acyclic 144 

Generator.  D-C.  Unipolar 141 

Generator,  Double  Current 107 

Generator,  Induction,  defined 140 

Generators,  A-C.  Regulation  of.  Tests. 

Computations 584.  585,  586,   587 

Generators.  Enclosed,  Temperatures  of  386a 
Generators.  Regulation  of,  defined .... 

561,    5ti2 

Globe,  defined 894 

Graded  Insulation  for  Transformers..  512 
Gravity.  Acceleration  due  to.  Symbol 

and  Abbreviation 90 

Ground-Return  Circuit 930 

Group  Frequency,  defined 1015 

H 

Heat  Run,  Duration  of ,322.  323.  324 

Heat  Run,  Measurements  during.  ....  325 

Heating  and  Temperature 300 

High   Temperature    Operation.   Econ- 
omy of 301 

High- Voltage  Winding 202 

Horse  Power  in  Terms  of  Kilowatts  . .  276 

Hottest  Spot  Correction 346.  348.  356 

Hottest  Spot  Temperature  Table 379 

Household  Devices,  Test  Voltage 504 

Hydraulic  Turbine,  Regulation  of,  de- 
fined   570 


I 

Idle  Unit  Ambient  Temperature 

I.  E.  C.  Rating 

lUuminants.  Rating  and  Output. .  .886. 

Illumination 

Illumination  and  Photometry 

Illumination,  Unit  of 

Immersion  of  Cables  for  Testing 

Impedance,  Characteristic 

Impedance  Drop,  Per  cent. 

Impedance,  Mutual 

Impedance.  Self 

Impedance.  Sending-Fnd 

Impedance.  Symbols 

Incandescent  Lamps,  Rating  <»f 

Indeterminal>le  Load  Losses 

Inductance.  Syml)ol    

Induction   Apparatus,    Stationary,    de- 
fined     

Induction  Generator,  defined 

Inductir»n  Machines 

Induction  Machines,  Losses  of 

Induction  Machines,  Stray  Load  Losses 


o 


f. 


Induction  Mot'^r.  defined 

Inducti(m  Mot<:»r  Core  Loss, Determina- 
tion of 

Indiiction  Motor  Rotor  Loss 
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Lay  of  Strand! BCT 

iduction  Voltage  ReEaUCon,  dtSntt 

Lead IV 

iduMivt  Coupler,  defined 

Uadi  of  Traraformet^,   Marking  ol..  600 

iducli«  Load.  defiMd     

as 

Life  ot  loBuInlion  Att*cWd  by  Temp*™- 

lnre      Ml 

HMD 

Life  of  Imulation  o(  a  Machine 340 

1  Ph»se    Carapoaeot   of    Current   o 

Life  Testa  nl  Lamps 890 

Telt _    ...  736 

Liehloing  Arresters.  Rating  o( T34 

!3fl 

Lira itatioiM,  Approved .  300 

sai 

301 

Capacity 300 

suali  n    F,.tnumii-»lShBnLif»,. 

WW 

Line    Characteristics,    Telephony   and 

Telegraphy-      -. Big 

Line  Cireuita,  Telephoncand  Telegraph 

auUlioo  ReMslanae  tj  Mnehinery 
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SSI 

Linear  C.paciUnce 004 

Linear  Deen men t.  definert 1017 

(ereonaected    Polyphate    Windinm 
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Load  Factor 

Load,  Inductive 
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Loaded  Lin* 

Loading  of  Telephone  Lines   ,  .  .01 

Loading  Trnnifonners ,19 

Loads,       Momentary,       Continue 

Rated   Machines 

I^ads.  Momentary,  Railway  Moio 
l^ads.    Momentary.   Railway  Sul 

tion  Machinery 

Locomotives.  Conlinuous  Tractivi 

Loc-motives.  ETectric  .  .  .  .  sr 
Locomotives  for  InlermlltenlServi 
Locomotives,  Normal  Tractive  Et 

Locurpulives.  Rating 

Locomotives,  Weight  on  Drivers.. 
LonarithmiC  Decrement,  defined. . 
Loss  Brush -Contact. 
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SBCTION 

Losses  in  Auxiliary  Apparatus 457 

Losses  in  Constant  Potential   Ma- 
chinery  433 

Losses  in  Field  Rheostats 455 

Losses  in  Railway  Motors. .  .815  to  820. 1100 

Losses  in  Transformers 470,  471 

Losses.  Indeterminable 440 

Losses.  Indeterminate 426 

Losses,  Induction  Machines 442 

Losses,  Stray  Load 434 

Losses,  Synchronous  Converters 444 

losses.  Synchronous  Machines 441 

Losses,  Table  of. 435 

Losses,  Transformers 445 

Low  Temperature  Operation,  Useless- 

ness  of 301 

Low- Voltage  Winding 202 

Lumen 857 

Luminous  Flux 860,  857 

Luminous  Flux,  Unit  of 858 

Luminous  Intensity 853 

Luminous  Sources.  Comparison  of, ... .  891 

Luminous  Standard,  Primary 870 

Luminous  Standard.  Representative.  ..871 

Luminous  Standards 870  to  873 

Lux 858 

M 

Machine  Classification  by  Enclosure  or 

Protection 160 

Machine  Classification  by  Speed 150 

Machine,  Drip-Proof,  defined 168 

Machine  Efficiency 420.  422 

Machine,  Enclosed,  defined 164 

Machine,  Explosion  Proof,  defined. . . .   171 
Machine.  Moisture  Resisting,  defined . .    169 

Machine.  Open,  defined 161 

Machine  Protected,  defined 162 

Machine  Rating,  defined 262 

Machine  Rating.  Principle  of 263 

Machine,  Self- Ventilated,  defined 167 

Machine,  Semi-Enclosed,  defined 163 

Machine,     Separately   Ventilated,    de- 
fined     165 

Machine,  Submersible,  defined 170 

Macnine,  Water-Cooled,  defined 166 

M.*chine    with    Explosion- Proof    Slip- 
Ring  Enclosure,  defined 172 

Machinery  Cooled  by  Ventilating  Air 

from  Distance 304 

Machinery,  defined 250 

Machinery  Exposed  to  Sun's  Rays.  .  . .   313 
Machinery  for  High  Ambient  Tempera- 
tures    267 

Machines,  defined 250 

Machines,  Duty-Cycle  Rating  of 403 

Machines  not  Cooled  by  Air  or  Water .  .   312 
Machines  Partly  Below  Floor  Line  Am-, 

bient  Temperature 319 

Machines,  Synchronous,  Determination 

of  Core  Loss  of 452 

Magnetic  Degree 64 


SBCTION 

Magnetic  Field  Intensity.  Symbols  and 

Abbreviation 90 

Magnetic  Flux,  Symbols 90 

Magnetic  Flux  Density,  Symbols 90 

Magneto  Voltage  Regulators,  defined.  213 

Magnetomotive  Force,  Symbol 90 

Marked  Ratio  of  Instrument  Transfor- 
mer    207 

Mass  Resistivity,  defined 075 

Mass.  Symbol  and  Abbreviation 90 

Maximum  Demand 58 

Maximum  Equipment  Line,  defined. . .    768 

Maximum  Load 262 

Mean  Hemispherical  Candle- Power.  . .   882 

Mean  Horizontal  Candle- Power 880 

Mean  Spherical  Candle-Power 881 

Mean  SSonal  Candle-Power 883 

Measurement  of  Ambient  Temperature 

314,  315 

Mechanical  Degree.. 64 

Mechanical  Power,  Where  Measured . .  429 

Mechanical  Work,  Symbol 90 

Megohms 689 

Megohms  Constant 691 

Messenger  Suspension 781 

Messenger  Wire  or  Cable 778 

Metallic  Circuits 931 

Meter.  Demand,  defined 232 

Meter,  Power- Factor,  defined 226 

Meter,  Reactive- Factor,  defined 226 

Meter.  Watthour,  defined 226 

Meters,  defined 225 

Meters,  Dielectric  Tests, 510A 

Meters,  Torque  of,  defined 236 

Microfarads,  Constant 695 

Microphone,  defined 955 

Millilambert 864 

Milliphot 858 

Moisture- Resisting  Machine 169 

Momentary     Loads,     Continuously. . . 

Rated  Machines. 402 

Momentary  Loads,  Railway  Motors, . .   803 
Momentary    Loads,    Railway   Substa- 
tion Machinery 764 

Motor 102 

Motor,   Automobile    Propulsion,    Ra- 
ting  835,  836,  837 

Motor-Booster 103 

Motor-Converter Ill 

Motor-Generator 104 

Motor,  Induction,  defined 139 

Motor,  Synchronous,  defined 137 

Motor- Vehicle  Ratings 

835,  836.  837.  838,  839 

Motors,  A-C.  Commutating,  Classifica- 
tion    131 

Motors.  Adjustable  Speed,  defined 15C 

Motors.  Adjustable  Varying  Speed,  de- 
fined     154 

Motors,  Constant  Speed,  defined 151 

Motors,  Enclosed,  Temperature  of 386A 

Motors.  Expression  of  Rating, 276,  802 


Y   U'>toII. 


OuBBlily  of  Electricity   Symbuli  90  Ratio,  Mmrlted.  definert 

Ou.rtet-Pl««  .  .         32  Ratio  of  Trai..(ofmcr    

Ratio,  Voltafie.  ilefined 

R  Ratio.  Volt' A mpeni.  defined 

Radiation.  SusUined,  deAned 10Z9  ReacUnce.  Coili.  defilied. 

Radio  Communication.  StBndardl  lor  Reactance  Drop,  per  cent 

1000  lo  1033  Reactance,  SymboLi 

Radio  Prequenoies lOtB  Reactive   Compf.nenl   of    Cunent    or 

Rail.  Conuct 7fl7  Vuli-Kr        

Rail.  Third 789  Reactive  Factor . 

Railway  Motor,  Selection  of .  . .  1  lOi  lo  1113  Rooetive- Volt- Ammeter ', . 

Railway  Motor,  Stand  Teitt  of  ...815.  llOt  Reactive- Volt -Ampere  Indicator 

Railway  Motori .416,  HOO  to  820  Reactive  Volt-Ampere* 

Railway  Moton.  Capacity  and  Require-  Reactor,  defined 82.214, 

menliof IIOO  Reactor  Factor  Meter 

Railway  Motor*,  Characteri>tie  Carves  Reactor,  Protective 730  Co 

of SIO  Receiver,  Telephone,  defined 


Reflection  Coefficient ,   890 

Reflection.  Coefficient  of  Diffuae SAS 

Reflection.  Coefficient  of  Resular 8fl7 

Regulation  »fld  EicLtation 583 

Regulation  and  Frequency SSO 

Regulation  and  Power  Factor ...    SSI 

Regulation  and  Wave  Form.. ,^82 

Regulation.  ComtaDl-Cumnl  HachineiSlU 
Regulation,  Conatant- Potential  Gener- 
ator!    M2 

Regulation.  Constant- Potential  Tram- 

formen...  SHj 

Regulation,       Conitant-Speed       D-C. 

Machinea SM 

ReKuluUim,  Cimverterj,    Dynamoton, 
Motor.  Genera  ton  and    Frequency 

Converter* «» 

Regulation.  D-C.G«neratun SSI 

Regulation,  defined 560 

Regulation,  Cenerator  Unit 671 

ReguUtion.  Hydraulic  Turbine S70 

Regulation  of  A-C.GeDenitoraSB4.SBS.  SSR 
Regulation,  Steam  Enginei,  Turbine*, 

and  Internal  Combustion  EnK^nei  SOS 

Regulation  Teit* 580 

Regulation,  Transformer* 387 

Regulation,  Tranimioion  Unes.  Peed- 

,n,  etc. S67 

Regulator*,  Voltage,  defiiied 

..210,  211,  2li,     in 

Relay.deSned 96« 


Repfeiontalive     l.ummivuii    Standard. 

defined 871 

Reaiitance  Drop,  percent SO 

Re*iitance.  Insulation,  of  Machines..  550 
Reiiiunce      Method     of      Measuring 

Ttmpaniture MS.   3M 


Core  Una  of 

way  Motors.  Efficien. 

...817.818,  1 
:y  and  Losae* 

way  Moloni,  Field  Ct 

.ntrol.  Rating 

way  Motors!  Ma.imi. 
way  Motors.  Tompen 

and  Windage 
nture  Limita- 

way  Motors,  Temper 
rd  Current  of    Const 

ature  Ri*e  in 
.  Stand  Te*l.  1 

RnuUnce.  Srmbols 

Routivity,  Symbol  and  AbbrcvialioB 

R«an>o« flfiT.  1 

Reuiunce  Curva .      1 

RetardntiDD  Coil 

Rcviftioiu  to  Rulfs,  Scope  of Pa 

RhcaiUI.  rlffinition 

Root-Mesc-Squini     .    . 

Ropc-Uy  Cablr,. 

RcUry  PhuH-Canvertir 

Rotaling   Machinei.   ClauiRcation  by 

Rolaling     Miehiaei.     Forced     Drnft. 
Ambient  Temperati 


SpeciA:  Luminau*  Rututian 
Specific  Output  of  Lampi  .    .  . 
Spfed  ClBivlicetion  of  Motors 
Sp«d  RrguTalKin  ol  MichiD« 
Spefdi.  Above  Rated,  . .    .    .31 


Sphen 


^.Mn 


Workim 


1.  CoDdili 


•tion  Pki 


*ai       Sphere  Sparl 


.  ma 


Scp.ri 


Shade,  defined 893 

Short-Citemt  SlteMTi 3B8 

Short  Time  Rating 282 

Short  Time  RatintK.  Standard  Prriodt  2S5 

Short  T.me  Test*.  Conditioni  tor iSn 

Shunc-Ij.oded  Lint n52 

!<imple  Altenialing  CuTTcnl 12 

Simpleied  Circuit 0.17 

Sine  Wave II 

Sine  Wave.  Devifltinn  (i..m 40B 

SinHle-Pha»   .           .                     ...  .10 

Smiisriidnl  Current 12 

Sii-Phase SJ 

Skin  Eflrt-t 050 

Slip  RiriP,  Teuiperan.r.-.  ,.(  .ISO 

Spark-KrcDUcncy  IQir. 
Spark  Gap    t.ii     Mi.cluntry     ..f     Hiah 

Spark  Gap    fnr     Machinery    M     Lo-- 

Spark  Gap  Measurements  530.  S.14 

Spark  Gap   Needle 53ii 

Spark  Gap,  Range  ■.(  VnUag*. . .  a.lS 

Spark  Gap,  Sphere S38 

Sparkmg  Distance.  Needle     MJ 

Spatking  Di'^tanee.  Sphere  Gap S4D 

Special  Temperature  Limits       3BS 


r   Indu 


IE  (Photometric) 8 

Ohiecl^of..,. » 

slhcal  Machinery...  2 

'Vgraphy  and  Teleph- 
.     .......       OlOmO' 


Stram  Enginci.  Regulation  of,  defined  MS 
Steam  Turbines,  Regulation  of.  defined.  S6S 
Stimulus  Coelfici EU I      ....         S5I.  §52 

Strand.  Concentric,  defined M3 

Strand,  defined tM 

Stranded  Conductor,  defined UT 

Stranded   Wire,  defined 040 

Stranding,  Apparatui  Cable. US 

Stranding.  Bunched .W6 

Stranding.  Fleiible OSS 

Stranding,  Rope OSS 

Stranding,  Rope-Lay,  Symbol  fur. ....   665 

Stranding.  Standard 663 

Stray  Load  Losses,  defined 434 

Stray   Load-Lostes,    Determination  ol 

., *»S.  4SB 

Submersible  Machine 170 

Substation,  definition 763 

Substation  Machinery  Rating  763 

Supporting  Systemi  (or  Trolley  Wires,  782 

Suseeplance.  Symbol M 

Susceptibility,  Symbol 00 

Suspension,  Direct,  for  Trolley 780 

Sustained  Radiation,  defined 1028 

Switches,  definition 721 

Switches.  Dielectric  Testa 609 

Switches.  Performance  and  Tests  of .  . .  733 

Swilehfi,  Raling  of 723 

Symbols BO 

Symbols.  Photometric 805 

Synchronbm  Indicator,  defined 228 

Synchrnnoscpe.  defined, 238 

Synchronou"   r:immutatinB    Machinei  133 


INDEX 


1659 


SBCTION 

Synchronous  Converter,  defined 110 

Synchronous  Converters,  Losses  of ... .  444 
Synchronous  Machine  Core  Loss.  De- 

termination  of 452 

Synchronous  Machines 133 

Synchronous  Machines,  Losses  of 441 

Synchronous     Machines.     Stray  Load 

Losses, 468 

Synchronous    Motor,  defined 137 

Synchronous  Phase- Advancer 115 

System  Efficiency,  defined 421 


T  Equivalent  Circuit 914 

Tables  of  Copper  Wire 676 

Telephone  Receiver 960 

Telephone  Transmitter 961 

Telephony  and  Telegraphy 910  to  963 

Temperature,  Ambient 303 

Temperature.  Ambient,  for  Testing.  . .  307 
Temperature,  Ambient,  Forced  Draft 

Machines 311 

Temperature,  Ambient,  from  Idle  Unit,  318 
Temperature,  Ambient,   Measurement 

of 314,  315 

Temperature  and  Life  of  Insulations. .  301 
Temperature  Coefficient  of  Copper. .  . .  349 
Temperature  Correction  for  Air-Blast 

Transformers 321 

Temperature  Detectors 353,  354 

Temperature  Elevations,  Table  of 379 

Temperature.  High,  Conditions  for  Op- 
eration at, 301 

Temperature    Limitations   and    Capac- 
ity  300,  804 

Temperature  Limits 376 

Temperature    Limits,    Enclosed    Ma- 
chines  386A 

Temperature    Limits   for    Low    Ambi- 

ents 306A 

Temperature,  Maximum,  Derived  from 

Observable, 343 

Temperature  Measurements 344 

Temperature      Measurements     during 

Heat   Run 325 

Temperature  Measurements,  Imbedded 

Detector  Method .  . .  353.  364,  355,   356 
Temperature     Measurements,     Resis- 
tance Method 348.  350 

Temperature  Measurements.  Thermom- 
eter Method 345,346,347 

Temperature    of    Parts    Other    than 

Windings 388.  389.  390,  391,  392 

Temi)erature  of  Reference  for  Air 305 

Temperature  of   Reference  for   Effi- 
ciency    432 

Temperature  of  Reference  for  Water. . .  309 
Temperature  of  Transformer  Winding.  351 
Temperature   Rise   in   Coils  for   Fuse 

Blowouts 731 

Temperature  Rise  Limits  for  Low  Am- 

bients 305A 


SECTION 

Temperature  Rise.  Switches 722 

Temperature  Rises  with  Ambient  Less 

than  Standard 266 

Temperature  Scale 251 

Temperature,  Standard 265 

Temperature,  Symbols  and  Abbrevia- 
tion,      90 

Temperature  Test,  Duration  of 

322,323.324 

Temperature  Tests  of  Transformers.  . . 

393.  394,  395,  396,  397 

Temperatures  and  Temperature  Rises 

Permissible 376,  377,  379 

Temperatures  Desirable  to  Ascertain. .   341 
Temperatures,  Hottest  Spot.  Table  of,  379 

Temperatures  in  Centigrade 251 

Temperatures,  Limiting,  Observable . .   379 
Temperatures,  Low,  Uselessness  of ... .   301 

Temperatures  of  Oil 385 

Temperatures,   Permissible,   in   Mixed 

Insulations 378 

Temperatures,  Safe,  for  Operating  Rail- 
way Motors 804 

Test  Lamp,  defined 875 

Test  VolUge  for  Cables 682 

Test  Voltage,  Measurement  of 530,  540 

Test  Voltages,  Conditions  for 481 

Test  Voltages.  Duration  of 485 

Test  Voltages  for  Machines 480 

Test  Voltages,  Frequency  and  Wave 

Form 484 

Test  Voltages,  Values  of  and  Excep- 
tions  500,  512 

Testing  of  Cables,  Immersion  in  Water,  679 

Thermal  Capacity,  defined 1111 

Thermometer    Method    of    Measuring 

Temperature 345, 346,  and   347 

Thermometer  Pads  and  Putty 317 

Third  Rail 769 

Third  Rail,  Elevation  of 773 

Third  Rail,  Gage  of 772 

Third  Rail,  Protection 776 

Third  Rail,  Standard  Elevation  of 775 

Third  Rail.  Standard  Gage  of 774 

Three-Phase 31 

Three-Phase    Transformers.    Marking 

Leads  of 607 

Time  Lag,  Error  due  to 316 

Time,  Symbol  and  Abbreviation 90 

Torque  of  Meters  and  Instruments 236 

Torque,  Stalling,  of  Motors 404 

Tractive  Effort 832.  833 

Tractive  Effort,  Locomotives 832,  833 

Transformer,  Coefficient  of  Coupling . .  962 

Transformer  Connections 600 

Transformer,  Constant-Potential.  Ra- 
ted Current,  defined 203 

Transformer,  Constant- Potential,  Ra- 
ted Primary  Voltage,  defined 203 

Transformer.  Current  Ratio,  defined. . .   206 
Transformer.    High- Voltage   Winding, 

defined, 202 


Trangformsr,  lailruiiicnl.  defined. . , , .  i 
Ttaiufornwr.   Low-Voltaie    Wmdini, 

TniufornKT.  Marked  Ralio,  definpd. .  .  i 
Tmndormrr.  Primnry  Winding,  defined  : 
Tr.Bjformer.  Ratio  of.,..  .  .  .30*.'. 
Tfanjfotmer  Rigulition  ,  .  ,587.  48*.  J 
TiBiBfornier  RegaUiim,  deBnod..  ...  I 
TyuiuCurinEr.  Secondnry  Windios.  de- 
fined  ; 

Tnmlaimrt  Tmiat  hy  Induced  Volt- 

-W- ■    -        •       - 

TtniiifiicuieT.  Three-Pb4i«,  Mellinl  '>r 

Landing.  ....    . : 

TnnBTarnier,  Turn  Ratio,  duAntd. . .  .  : 
TrsniferiDei.  Volugt  Kklig,  diNned  . .  : 
Tmniformei.  Volt-Aniocre  Ratio,  de- 

fintd .   I 

Tranatarmei  Wiadlngl.  defined .  ' 

Trnnsfdrmer    Windinn.    Qrounded. 

VollBscTeiU.  ,    ,    .    .    .       i 

Tmniformerj... : 

TTanifarmers,  AnguUr  Diii|l]Kani(nt..  I 
Tn.ns(ufmer»,    AnguUt    DinpUi-arnent 

tKtweeii I 

TrantfoTn-ers,    Coi«t«nt-PoHnti»I, 

Rtgulaiiim  rf, , 1 

Trdntfurnien,  OiitribuliAtr  TMI  V'ult- 

Transfnnner).  Expieiiiun  of  RatinM        : 

Traniformers,  Losil  Losiei ,  .  .   - 

TraniCarmera.  Loading^Back  Tests. . . .  : 
Transfnnnera.   Loading  for   Tempera- 

lure  Terts 

Tmnsf.inners.  Lotses  of i 

Transformers.  Markinij  of  Lc^ds  <H)I  t-  I 

■l-ransf..rnier».  No-Load  L.,sses  

Trans(..rniijr»,  per  cent  Drop 

Transformers.  ReHtBQceUrvp     .    .    .   i 

Transformers,  Regulalion  of i 

Transfrn-mera,  Stray  Load  Lnsiei ■ 

Transformers.   Temoeraliire   Mcasure- 

Ti,insr.,rniers.  \'oU-Ampere  Ratio : 

Transformers.  Water- Co. 'led.  Ambient 


Ira 


s.  Will. 


Tnrbine.  Hydraulic.  ReguUtion 
Turbine,  Steatn,  R(«uliLion  of. . . 
TmnCjbl*.  dtlined...,. 


Twisted  Ptir,  defiixd , . 
Tno-Phax  . ,      ...... 

Two-Wir.  Grcuil 


ir  RquivaWt  Urvuit .    BIS 

llodergroimd  Contiut  RjiII 771 

Unii^dur  Mwhine.  defined  HI 

Unit,  Oeneralor,  Kcgululiuu  of.  defined  STl 
UniW   in   which   K*imK  shall  be   Ei- 

linmsed.      .  .    .a?*  to  277 

Units.  Photrimetnc     . .  ....  885 


Vanacian  in  Pnme  Muvert  and  ALtet- 

nstun .    .OS.ee,      il7 

Varnished  Cainbnc  InlaUtion.  WorV- 
ing  Tefl^iwrttun -  - 877 

Varyinv-GpeMt  Molun  . IH 

Votlor,  Phiue 13 

V«lc.i   Ouanlities.   RepreMuUlioo   in 

Print 81 

Ventilated   Motor.   Rise  Compared  to 

Stand  Test 1104 

Ventilating  Blower  Losaeg 1M 

Virtual 10 

Voltage    Measurement    for    Dielectric 

T,:)13  330  to  Ml 

Voltage     Heasurcmeat    in     Dielectric 

Tr:,ts.,[Mi.chinr»  630 

Voltage  Ratio  of  Tranilormet.  defined  MM 
Voltage  Regulation S«0 

210.  211,  2ia,  213 

Voltage.  Symbol! 80 

VolUfle  TeiU.  CiHidJtiani  fot 481 

Voltage  Tc4t«  fnr  Ma«Eiiiua 4S0  to  512 

Voltage  Transformer,  defined 741 

Voluge  Transformer,  Test.. 600 

VoU-Amperej 27 

Voltmeter  Me,ijurfmenu Ma 

Vi.lunie  Resistivity,  defined 876 

w 

Water.C.ioled  Machine lllll 

Waler-Cooled  Machines.  Ambient  Tem- 

per.Hureof  Rrference 309 

Watf r-Ov.lei!  Transformers 310 

Wm.t-(-,-..1ciI  Transformers.  Tempeia- 

ti.rc  .if       :t86 

Watt  ll'iar  Meter,  defined      22H 

Watluieler     231 
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17  Weight  on  Drivers 831 

fined 1011  Windage     and     Bearing     Friction 

18               Losses.  Determination  of 450 

11,    405  Windage,  Railway  Motors 817 

406  Wire,  Copper.  Tables  of 676 

16  Wire,  defined 635 

fined 922  Wire  Gages 662 

1028  Wire.  Half  Sizes 656 

1028  Wire  or  Cable.  Messenger 778 

11  Wire,  Stranded,  defined 640 

431  Wire.  Trolley,  defined 777 

405  Wire.  Twin,  defined 651 

n 406  Wires  and  Cables 635 


REPORT  OF  THE  JOINT  RUBBER  INSULATION 

COMMITTEE-1916 

Part  I — General  Report 

Need  of  Specifications 

1.  A  demand  for  specifications  which  will  enable  purchasers  of  rubber 
insulation  for  wire  or  cable  to  secure  good  material  on  the  basis  of  com- 
petitive bids  has  existed  for  many  years. 

2.  In  recent  years,  there  has  been  no  difficulty  in  securing  insulation 
having  the  dielectric  strength,  specific  resistance,  elasticity  and  mechanical 
strength  required  in  practise.  Indeed,  with  the  possible  exception  of 
dielectric  strength,  these  qualities  are  usually  in  excess  of  actual  service 
requirements.  There  is  another  quality,  namely,  permanence,  which 
although  equally  essential,  has  not  been  so  easy  to  obtain. 

3.  While  the  physical  properties  of  rubber  insulation  are  susceptible 
of  positive  determination  by  tests  which  can  be  made  before  acceptance 
by  the  purchaser,  the  permanence  of  insulation  can  be  ascertained  with 
certainty  only  by  actual  trial,  often  at  great  loss,  inconvenience  and  even 
danger.  It  should,  therefore,  be  the  aim  of  specifications  to  overcome 
this  difficulty  and  by  some  indirect  means,  ensure  that  the  manufacturers 
supply  compounds  having  the  required  endurance. 

4.  This  obviously  presents  a  difficult  problem,  as  it  requires  that  some 
relation  be  established  between  permanence  and  one  or  more  of  the  proper- 
ties which  are  susceptible  of  test.  It  has  been  established  by  experience 
that  Hevea  rubber  or  the  rubber  of  the  Hevea  Brasiliensis  tree,  when 
j)roperly  cured,  is  a  superior  grade  which  is  entirely  satisfactory  for  elec- 
trical insulation  of  the  class  under  consideration.  Hevea  rubber  may, 
therefore,  be  specified  with  advantage,  although  certain  other  rubbers 
of  good  quality  may  thereby  be  excluded.  The  rubber  has  to  be  Hevea 
rubber  of  good  quality,  the  materials  associated  with  it  in  the  compound 
must  be  known  to  be  non-deleterious  and  the  compound  itself  must  be 
well  prepared,  applied  and  vulcanized. 

Types  of  Specifications 

5.  Two  types  of  specifications  have  been  devised  to  compass  these  re- 
strictions. The  first  type  of  specification  proceeds  on  the  assumption 
that  certain  physical  characteristics  are  developed  to  an  unusual  degree 
by  the  use  of  Hevea  rubber,  especially  the  grade  known  as  fine  Para. 
Among  the  qualities  affected  by  the  grade  of  rubber,  and  alleged  to  be 
useful  indications  of  the  presence  of  Para  rubber,  are  the  tensile  strength, 
elasticity  and  specific  electrical  resistance.  Accordingly  some  specifica- 
tions have  been  issued  in  which  one  or  more  of  these  qualities  is  specified 

This  report  has  been  approved  by  the  Standards  Committee,  and  is  published  by  order 
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in  an  exafigcraled  degree.  Experience  has  shown  Ihat  such  specifications 
are  ineffective,  as  the  specified  physical  quality  can  be  obtained  either  by 
manipulation  of  poor  compounds  or  at  the  expense  of  permanence  in 
compounds  made  originally  of  good  materials.  In  consequence  of  this, 
specifications  based  exclusively  on  physical  tests  have  fallen  into  disrepute, 
but  such  tests  now  serve  in  modified  form  as  adjuncts  to  other  types  of 
specifications. 

8.  The  second  type  of  specification  to  be  considered  is  that  in  which  a 
more  or  less  rigid  formula  for  the  compound  is  specified  and  compliance 
with  it  exacted  either  by  inspection  during  manufacture,  or  by  chemical 
analysis  supplemented  by  other  tests  of  the  finished  product.  Inspection 
which  will  really  ensure  complianci;  with  Such  specifications  is  usually 
impracticable.  Reliance  must,  therefore,  be  placed  principally  upon 
chemical  analysis.  Three  difficulties  at  once  arise.  In  tbe  first  place 
chemical  analysis  cannot  directly  ascertain  the  (juality  of  the  rubber 
which  has  been  used  in  the  manufacture  of  a  compound;  it  can  only 
determine  quality  by  the  indirect  tnethod  of  measuring  certain  charac- 
teristic constituent.*.  It  is.  therefore,  necessary  to  present  in  the  speci- 
fication. .1  relation  between  the  desired  formula  and  the  chemical  findings. 
The  second  ilifficulty  is  that  in  the  past,  chemists  have  employed  diverse 
melhriiis  of  analysis  which  give  inconsistent  results.  !t  is.  therefore, 
necessary  to  establish  a  satisfactory  and  standard  procedure  for  analysis. 
The  method  of  analysis  tnust  not  only  yield  the  information  desired,  but 
it  must  also  be  practical  and  capable  of  yielding  uniform  results  when 
applied  In  the  ^i.Tmi'  cnm|iound  by  ditTcrpnt  chemist';.  In  order  to  'Jccurc 
this  uniformity,  it  is  important  to  describe  the  methods  of  analysis  in  de- 
tail. The  third  difficulty  has  been  the  non-uniform  interpretation  of 
analytical  result.s. 

r.  The  specification  hereinafter  presented  is  of  the  second  or  chemical 
type,  in  which  an  endeavor  has  been  made  to  meet  the  three  objections 
hitherto  urged  against  such  specifications.  It  contains  a  table  showing 
the  range  of  analytical  results  that  should  be  obtained  from  a  good  cotn- 
])o«nd  containing  30  per  cent  of  high  class  Hevca  rubber,  and  is  supple- 
mented by  a  detailed  analytical  procedure.  The  specification  is  not  com- 
plete as  given,  it  being  necessary  to  add  appropriate  electrical  and  mechan- 
ical test  requirements.  Examples  of  complete  rubber  insulation  speci- 
lications  are  cited  in  I'ari  VI.  of  this  report. 

S.  The  sjipcifiiiition  shovdd  always  be  used  in  conjunction  with  the 
^.ii.ilytii^d  pnu'cdurc.  The  latter  wil'l,  however,  serve  tor  the  analysis  of 
:iny  compdiinrl-i  nf  thi'  .'Ht  per  cent  Para  tyjic  wilh  mineral  tillers,  provided 
the  intorpretaiiiiii  is  made  to  correspond. 

History  of  Commiltre 
S,  The  necessity  of  purchasing  insulated  wire  under  conditions  of  com- 
petitive bidding  led  the  various  departments  of  the  government,  the  rail- 
roads and  other  large  consumers,  to  issue  specification.s  for  rubber  insula- 
tion. These  s]K'cifications  were  based  upon  the  individual  experience  or 
theories  of  a  number  of  engineers,  aided  by  suggestions  from  some  of  the 
manjifnctiirers.  For  several  years  no  attempt  was  made  to  standardize 
thci^e  specifications,  and  much  trouble  was  given  to  the  manufacturers  by 
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the  diversity  of  requirements  contained  in  them.  In  1906,  the  Rubber- 
Covered- Wire  Engineers*  Association,  consisting  of  representatives  of  the 
leading  manufacturers,  prepared  a  specification  which  was  offered  as  a 
standard.  This  was  followed  in  1911  by  the  revised  specifications  of  the 
National  Board  of  Fire  Underwriters,  which,  however,  call  for  a  compara- 
tively low  grade  of  compound.  The  former  specification,  although  the 
best  that  could  be  agreed  upon  at  that  date,  was  so  defective  as  to  afford 
little  or  no  protection  to  consumers.  The  latter  occupies  a  field  by  itself, 
and  makes  no  pretension  to  specifying  the  highest  quality  of  compound. 
Consumers  desiring  high  grade  insulation  of  great  permanence,  therefore, 
continued  to  use  their  own  specifications,  altering  them  from  time  to  time, 
in  accordance  with  the  best  information  available,  with  a  growing  tendency 
to  rely  upon  chemical  rather  than  physical  tests.  Some  difficulty  was 
experienced  both  in  obtaining  bids  and  in  enforcing  these  specifications 
owing  to  the  inability  of  chemists  to  make  concordant  analyses  of  rubber 
compounds.  This  matter  reached  an  acute  stage  in  1911,  when  a  number 
of  manufacturers  and  consumers  held  a  conference  in  order  to  discuss 
the  possibility  of  standardizing  specifications  and  analytical  methods 
for  rubber  insulation.  This  conference  was  held  at  New  York  on  the 
seventh  of  December,  1911,  Col.  Samuel  Reber  of  the  U.  $>.  Signal  Corps 
presiding.*     The  following  interests  were  represented: 

Signal  Corps,  U.  S.  Army, 
American  Chemical  Society, 
Lederle  Laboratories, 
New  York  Central  Lines, 
Pennsylvania  R.  R.  Co., 
General  Electric  Co., 
Hazard  Manufacturing  Co., 
Simplex  Wire  &  Cable  Co., 
Standard  Underground  Cable  Co. 

10.  After  a  full  discussion  of  the  subject,  a  committee  was  appointed 
to  devise  a  specification  and  an  analytical  procedure  for  rubber  insulation, 
the  committee  to  report  at  a  future  conference.  The  chairman,  assisted 
by  other  members,  appointed  the  following  to  serve  upon  this  committee 
which  was  named  "The  Joint  Rubber  Insulation  Committee." 

C.  R.  Boggs,  Simplex  Wire  &  Cable  Co., 
W.  S.  Clark,  General  Electric  Company, 
W.  A.  Del  Mar,  N.  Y.  C.  R.  R.  Co.,  (later  Interborough  Rapid 

Transit  Co.) 
W.  B.  Geiser,  N.  Y.  C.  R.  R.  Co., 
J.  P.  Millwood,  Consulting  Chemist, 
P.  Poetschke,  Lederle  Laboratories, 
H.  B.  Rodman,  Pennsylvania  R.  R.  Co. 

Later,  at  the  request  of  the  committee  and  by  unanimous  consent  of  the 
members  of  the  original  conference,  the  following  were  added: 

J.  B.  Tuttle,  U.  S.  Bureau  of  Standards, 

E.  L.  Willson,  Hazard  Manufacturing  Company. 

*  The  invitations  were  issued  by  Mr.  B.  B.  Katie,  Chief  Engineer  of  Electric  Traction, 
of  the  New  York  Central  R.  R.  Co. 
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11.  W.  A.  Del  Mar  was  elected  secretary  of  both  the  Conference 
Committee  and  of  the  Joint  Rubber  Insulation  Committee.  No  pertna- 
nent  chairman  was  elected,  il  being  left  to  the  committee  to  elect  a  chair- 
man at  each  meeting. 

12.  The  committee  Immediately  upon  its  formation  decided  to  confine 
itself  to  the  development  of  a  specirication  and  an  analytical  procedure  for 
compounds  of  the  30  per  cent  Para  type.  In  accordance  with  this  policy 
it  made  a  study  of  the  chemical  characteristics  of  Hevea  rubber  and  of  the 
available  analytical  procedures.  New  procedures  were  also  developed  and 
studied.  Samples  of  different  rubber  compounds  were  analysed  by  these 
tentative  methods.  The  results  were  unsatisfactory  and  the  discrepancies 
were  investigated.  Sub -commit  tees  were  formed  to  do  much  of  this  work. 
Twelve  regular  committee  meetings,  besides  numerous  sub-committee 
meetings,  were  held;  many  diflerent  compounds  were  distributed  to  be 
analysed  by  the  entire  committee,  and  others  were  enperimented  upon 
by  the  sub-committees  and  individual  members. 

13.  After  two  years  of  this  work  the  committee  presented  a  preliminary 
re'port  to  a  second  conference  which  was  held  at  New  York  on  October 
15th,  1913,  Col.  Reber  again  presiding.  The  report  was  unanimously 
atcejrted  by  the  conference  and  the  committee  authorized  to  continue 
in  existence  for  another  year  for  the  purpose  of  making  any  revisions 
that  might  appear  necessary  in  its  report,  as  the  result  of  a  year  of  ex- 
perience with  it. 

14.  The  committee  was  also  authoriaed  to  publish  the  preliminary 
report.  Thi?  was  accomplished  through  tht'  courtesy  of  the  American 
Checnical  Society,  the  American  Institute  of  Electrical  Engineers,  and 
the  U.  S.  Bureau  of  Standards;  the  report  appearing  in  their  ofBcial 
publications,  the  Journal  of  Industrial  and  Engineering  Chemistry, 
(January  1914),  the  Proceedings  of  the  American  Institute  of  Electrical 
Engineers,  (January  1914),  and  Bureau  of  Standards  Circular  No.  38, 
respectively. 

15.  Instead  of  reporting  in  a  year,  the  committee  found  it  necessary  to 
devote  nearly  three  years  to  this  work,  holding  13  additional  meetings, 
or  a  total  of  25  general  meetings  exclusive  of  sub-committee  meetings. 

10.     The  committee  was  authorized,  at  the  second  conference,  to  in- 
crease its   personnel   without  securing   the  approval   of   the  Conference 
Committee.     It  has  added  the  following  chemists  to  its  membership: 
A.  E,  ElUs,  Interborough  Rapid  Transit  Co.,  New  York, 
G.  d'Eustachio,  Standard  Underground  Cable  Co.. 
E-  W.  Gundy,  Pennsylvania  R.  R.  Co., 
C-  W.  Walker.  American  Steel  &  Wire  Co., 
C.  F.  Woods,  A.  D.  Little  Co.,  Inc.,  Boston. 
17.      The  following  resignations  have  been  accepted  since  the  second 
conference: 

J.  P.  Millwood, 
P.  Poetschke. 
Mr.  Geiser  also  resigned,  due  to  stress  of  other  work,  but  has  been  re- 
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cieties  which  issue  standards  of  the  kind.  Among  these  are  the  American 
Electric  Railway  (Engineering)  Association,  the  Association  of  Railway 
Electrical  Engineers  and  the  American  Society  for  Testing  Materials. 
The  specification  has  also  been  adopted  by  a  large  number  of  important 
purchasers  of  insulated  wire,  including  The  U.  S.  Signal  Corps,  the  Panama 
Canal,  the  New  York  Central  R.  R.  Co.,  the  Interborough  Rapid  Transit 
Co.,  the  Public  Service  Corporation  of  New  Jersey,  etc. 

19  The  committee  also  desires  to  express  its  thanks  to  the  many 
gentlemen  not  members,  who  have  actively  participated  in  the  work, 
especially  to  Messrs.  F.  S.  Deemer,  F.  A.  Hull,  M.  M.  Kahn,  C.  B.  Martin, 
G.  H.  Savage,  J.  F.  Tinsley  and  D.  Whipple. 

Part  II — Specification  for  30  Per  Cent    Hevea  Rubber  Compound 

(Chemical  Clauses) 

1.  A  30  per  cent  fine  Para  or  best  quality  plantation  Hevea  rubber 
compound  with  mineral  fillers,  shall  be  furnished.  It  shall  contain  only 
the  following  ingredients: 

Rubber, 

Sulphur, 

Inorganic  mineral  matter. 

Refined  solid  paraffine  or  ceresine. 

2.  The  vulcanized  compound  shall  conform  to  the  following  require- 
ments, when  tested  by  the  procedure  of  the  Joint  Rubber  Insulation  Com- 
mittee, results  being  expressed  as  percentages  by  weight  of  the  whole 
sample: 

Requirements  Independent  of  the  A  mount  of  Rubber  Found 

Maximum   Minimum 

Rubber 33  30 

Waxy  hydrocarbons 4 

Free  sulphur 0.7 

Red  lead,  carbon,  or  organic  fillers  shall  not  be  present. 

Requirements  Dependent  Upon  A  mount  of  Rubber  Found. 
(Requirements  for  intermediate  percentages  shall  be  in  proportion  to 
the  percentage  of  rubber  found). 
Limits  allowed  for  30  per  cent  Rubber  Compound.  Maximum  Minimum 

Saponifiable  acetone  extract 1 .35  0.55 

Unsaponifiable  resins 

Chloroform  extract 

Alcoholic  potash  extract 

Total  sulphur  (see  note  2) 

Specific  gravity ....  1 .  75 

Limits  allowed  for  33  per  cent  Rubber 
Compound. 

Saponifiable  acetone  extract 1.50  0.60 

Unsaponifiable  resins 

Chloroform  extract 

Alcoholic  potash  extract 

Total  sulphur  (see  note  2) 

Specific  gravity ....  1 .  67 
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3.  The  acetone  solution  shall  not  fluoresce. 

4.  The  acetone  extract  (60  cu.  cm.)  shall  be  not  darker  than  a  ligh 
straw  color. 

5.  Hydrocarbons  shall  be  solid,  waxy  and  not  darker  than  a  ligh 
brown. 

6.  Chloroform  extract  (60  cu.  cm.)  shall  be  not  darker  than  a  stra^ 
color. 

7.  Failure  to  meet  any  requirement  of  this  specification  will  be  con 
sidered  sufficient  cause  for  rejection. 

8.  Contamination  of  the  compound,  such  as  by  the  use  of  impregnate< 
tapes,  will  not  excuse  the  manufacturer  from  conforming  to  this  specifica 
tion. 

Note:  1 — This  specification  shall  be  supplemented  by  appropriate  clauses  relating  t 
tensile  strength,  elasticity,  electric  insulation  resistance  and  dielectric  strength.  (See  th 
Wire  and  Cable  specifications  of  the  American  Society  for  Testinj?  Materials,  the  Associa 
tion  of  Railway  Electrical  Engineers  etc..  for  examples  of  such  clauses.) 

Note  2: — The  limit  on  total  sulphur  may  be  omitted  at  the  option  of  the  purchaser.  Se^ 
Part  IV.  of  Report. 

P.\RT  III — Analytical  Procedure 

Object  of  the  A  nalysis 

1.  The  object  of  this  procedure  of  analysis  is  to  determine  whethe 
rubber  compounds  comply  chemically  with  the  accompanying  specifica 
tion  which  is  intended  to  secure  compounds  containing  30  per  cent  of  th< 
best  Hcvea  rubber,  and  mineral  fillers. 

Outline  of  Procedure 

2.  'I'he  genenil  j)rocedurc  is  shown  by  the  accompanying^  Diagram  A 

General 

'.\.  Make  the  analysis  upon  the  insulation  after  vulcanization  and 
whenever  possible,  before  the  saturation  of  the  braid.  Wipe  the  insula 
tion  thoroughly  with  a  damp  cloth  to  remove  any  adhering  material,  bu' 
do  not  remove  waxy  hydrocarbons  from  the  surface. 

\.  If,  however,  a  saturated  braided  sample  must  be  used,  remove  th< 
braid  and  sandpai)er  the  insulation  to  a  depth  of  at  least  0.005  of  an  incl" 
and  wi{)e  with  a  damp  cloth.  The  latter  procedure,  however,  is  not  to  be 
recommended,  as  it  may  cause  an  appreciable  error  in  the  acetone  extract 
In  such  eases  rei)orl  the  condition  of  the  sam])le. 

').  Perform  all  determinations  in  dui>lirate  and  take  the  average  value 
<irhitrarily  as  ilie  true  value.  Duplieate  <lct errninations  must  check 
within  tlu'  limits  sj)eeitie<l. 

H.      Make  blanks  on  all  determinations  and  deduct  the  results  accord- 


RUBBER  INSULATION  COMMITTEE  1669 

20- mesh  sieve,  regrinding  what  is  retained  on  the  sieve  until  the  entire 
sample  has  passed  through.  The  wires  of  the  sieves  shall  be  evenly 
spaced  in  both  directions  and  shall  be  of  0.016  and  0.010  inches  diameter 
in  the  20-mesh  and  40-mesh  sieves  respectively.  Remove  with  a  strong 
magnet  any  metal  that  may  have  come  from  the  grinder  and  thoroughly 
mix  the  sample. 

Extraction  Apparatus 

8.  The  extraction  apparatus  shall  conform  with  the  accompanying 
Diagram  C.  It  shall  be  heated  so  that  the  period  of  filling  an  empty 
syphon  cup  with  acetone  and  completely  emptying  it.  will  be  between 
two  and  one-half  and  three  and  one-half  minutes. 

Preparation  of  Reagents 

9.  Acetone  shall  be  freshly  distilled  over  anhydrous  potassium  car- 
bonate using  the  fraction  56-57  deg.  cent. 

Two  2gfm.  Samples  of  Rubber 
(Make  Acetone  Extractions) 

I ' ) 

Acetone  Extract  (United)  Residue 

(Saponify  with  KOH)  (Make  Ctiloroform  Extractiorts) 

I 1  ( 1 

Unsapomfiatile  Material    Alkali  Soluble  Acetone         Chloroform  Residues  (United) 

(Dissolve  in  Alcohol)  Extract  Extract  (Saponify  with  KOH) 

( Treat  with  K  N  O3N  a^G^etc  > 


I 1  I  {  I 1 

In&oluble  Soluble  Free    Saponifiable  Saponihable  Extract  Residue 


Hydrocarbons  Unsaponifiable  Sulp>hur     Acetone  (Treat  with  ^ 

A  Material  Extract 

Treat  with  CCI4&  H2SO4 

onifiable  Resid 


CI  and  Ether)  (Treat  with  HOI  and  Heat) 


Hydrocarbons    Unsaponifiable                              Residual   KOH  Extract     Insoluble  Soluble 

1                 Resins                                   Solution                     (Wash  and  Dry)  (Reserve  for 

Total  Waxy  Hydrocarbons- At  B                                                                           C  Organic  Test) 

(Divide  in  two  parts) 

I ' 1 

(Ignite)  Sulphur 

i  H 

Weigh  Substances  with  Names  Underlined  (Sul|Jhur) 

Other  Substances  by  Difference  F 

Diagram  A — Outline  of  Method  of  Rubber  Analysis 
Exclusive  of  Total  Sulphur  Determination 


10.  Alcoholic  potash  solution  shall  be  of  normal  strength  and  shall  be 
made  freshly  by  dissolving  the  proper  amount  of  potassium  hydrate 
(purified  by  alcohol),  in  95  per  cent  alcohol  which  has  previously  been 
distilled  over  potassium  hydrate.  The  solution  shall  be  allowed  to  stand 
for  24  hours  and  only  the  clear  liquid  used. 

11.  Ether  shall  be  washed  with  three  successive  portions  of  distilled 
water  and  distilled,  using  the  fraction  34-36  deg.  cent. 

12.  Chloroform  shall  be  shaken  with  water,  dried  by  calcium  chloride, 
decanted,  and  freshly  distilled,  only  the  clear  distillate  being  used. 

13.  Carbon  tetrachloride  shall  be  pure  and  freshly  distilled. 

14.  The  nitric  acid  bromine  reagent  shall  be  prepared  by  adding  a 
considerable  excess  of  bromine  to  the  concentrated  nitric  acid  shaking 
thoroughly  and  allowing  it  to  stand  for  some  hours  before  using. 

If).     The  fusion  mixture  for  sulphur  determinations  shall  be  made  by 
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mixing  equal   quantities  of  sodium  carbonate  and  powdered   patassium 
nitrate. 

16,  The  barium  chloride  solution  shall  be  made  by  dissolving  lOOg,  of 
crystallized  barium  chloride  in  one  Uter  of  distilled  water  and  adding  two 
or  three  drops  of  concentrated  hyilrochloric  add.  If  there  is  any  insoluble 
matter  or  cloudiness,  the  solution  shall  be  heated  on  a  steam  bath  over- 
night and  filtered  through  .589  S,  and  S.  blue  ribbon  filter  paper 


Distilled  « 
washing  ope  ratio 
tested"  quality. 


■t  only  shall  be  used  i 
Reagents  not  otherw 


preparing  solutions  and  ii 
fe  spt'cilied  shall  be  of  a  ' 


all 


e  Extract 
intinuouBly  with  60  tu.  cm.  acetone  for  eight  hours,  1 


18.     Extract  ci 

2-g.  samples  that  have  been  prepared  within  24  hours.  Unite  the  extracts 
in  a  weighed  flask,  using  hot  chloroform  to  rinse  the  flasks.  Distill  off 
the  reagents  and  dry  the  flask  and  contents  for  four  hours  at  95-100  deg. 


cent.  Desiccate  until  cool  and  weigh.  Continue  to  dry  for  two-hour 
periods  until  constant  iveight  is  obtained.  In  drying,  place  the  flask  on 
its  side  but  a 
does  not  appreciably  run  down  the  side 

Unsaponifiabie  Material 

19.      .-^dd  to  the  acetone  extract  HO  cu.  cm.  alcoholic  potash  solution, 

boil  under  a  reflux  condenser  for  two  hours,  and  evaporate  on  a  water 

il.     Add  10  cu.  cm.  water  and  20  eu.  cm. 

;  in  solution,  cool,  transfer  to  a  separatory 

warm  water,  cool  and  finally  wash  with 

The  water  volume  should  be  100  cu.  cm. 

..     Shake  vigorously  for  two  minutes,  and 

thoroughly.     Draw  off  the  aqueous  solu- 


balh  until  all  alcohol  is  rcmo' 

ether;  heat  until  the  wax  etc.  ; 

funnel,  wash  out  the  flask  wi 

two  20  cu.  cm.  portions  of  ethi 

and  the  tther  at  least  40  cu.  i 

allow  the  solutions  to  separai 

tion  into  a  second  funnel,  leaving  in  the  first  funnel  the  ethereal  solution 

and  any  flocculent  material  that  may  be  present.     Again  rinse  the  Haslc 


RUBBER  INSULATION  COMMITTEE 


1671 


with  20  cu.  cm.  ether  and  add  it  to  the  aqueous  solution;  shake  vigorously 
for  two  minutes,  and  when  separated  draw  off  the  aqueous  solution  and 
unite  in  the  first  funnel  the  ethereal  solutions  and  any  flocculent  material. 
Repeat,  shaking  with  20  cu.  cm.  portions  of  ether,  until  no  residue  ia 
obtained  on  evaporating  a  20  cu.  cm.  portion.  The  aqueous  solution  and 
subsequent  washings  shall  be  reserved  for  the  free  sulphur  determination. 
Wash  the  flask  and  the  funnel,  from  which  the  ethereal  solution  has  been 
taken,  with  water,  until  they  are  free  from  alkali.  Wash  the  ethereal 
solution  with  water  until  it  has  been  washed  twice  after  the  wash  water 
shows  no  alkaline  reaction.  Retain  with  the  ethereal  solution  any  floccu- 
lent material.       Filter  the  ethereal  solution  from  the  flocculent  material. 


Analysis  Extraction  Apparatus 


through  a  small  pellet  of  extracted  cotton,  into  a  weighed  flask,  washing 
lirsl  wilh  ether  and  subsequently  with  hot  chloroform,  using  this  to  rinse 
the  original  flask  ant!  both  separatory  funnels.  Evaporate  the  solvents 
and  dry  the  extract  at  05-100  deg.  cent.;  cool  in  a  desiccator  and  weigh. 
Continue  to  dry  until  constant  weight  is  obtained, 
Hydrofarbons  A 
20,  Add  .'iO  cu.  cm,  absolute  alcohol  to  the  unsaponi (table  material  and 
warm  until  solution  is  as  complete  as  possible.  Cool  the  solution  to  -4  or 
-h  dcK-  ci-nt.  and  maintain  at  this  temperature  tor  one  hour  by  packing 
the  flask  in  a  mixture  of  ice  and  salt.  Filter  out  the  waxy  hydrocarbons, 
using  a  funnel  packed  with  ice  and  salt,  and  apply  suction  it  necessary. 
Wash    the  flask  and  filter  with  about  25  cu.  cm.  ot  05  per  cent  alcohol, 
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which  has  been  previously  cooled  in  the  same  temperature.  Catch  the 
filtrate  in  a  flask  which  i'f  afterwards  cooled  to  -4  lo  -5  deg.  cent,  to  make 
sure  that  all  possible  waxy  hydrocarbons  have  been  removed,  and  refilter 
if  necessary.  Dissolve  the  residue  on  the  filter  paper  with  hot  chloroform, 
into  the  original  fiask.  Evaporate  the  chloroform  and  dry  the  flask  at 
96-lflO  deg.  cent.;  cool  in  a  desiccator  and  weigh.  Continue  to  dry  until 
constant  weight  is  obtained. 

Hydracurbons  B 
21.  Evaporate  the  alcohol  from  the  flask  containing  the  alcohol -soluble 
iinsaponifiablc  material,  add  25  cu.  em.  of  carbon  tetrachloride,  and 
transfer  to  a  separatory  funnL-l.  Shake  with  cont-eni rated  sulphuric  acid, 
drain  olT  the  discolored  ,ici'l  and  repeat  with  fresh  portions  of  acid  until 
there  is  no  longer  any  discoloration.  After  drawing  off  all  the  acid,  wash 
the  carbon  tetrachloride  solution  with  repeated  jiortions  of  water  until  all 
traces  of  acid  are  removed.  Transfer  the  carbon  telrachloride  solution  to 
a  weighcil  flask;  cvapofatc  off  Ihc  solvent  an.l  dry  the  flask  at  M-lIM)  deg. 
jilor  find   weigli.     Continue  to  dry  until  constant 


fight  is  obli 


y  SuJphui 


1 1    1  ;  i  I  i  1-  '■  ■!!  ■  i  ■  1 .1 ■   1^ iliL'r!  material.  Evapo- 

■ '.111  water  to  a  beaker. 

■I     ,      I,  .  i.    _'    -, .nir.iicd  hydrochloric 

aking  a  volume  of  200  eu.  cm.  Heat  to  boiling 
■xcess  lit  hot  barium  chloride  solution.  .Mlow  to 
i'ash,  ignilc.  weigh  the  barium  sulphate  and  cal- 


washings from  1  li.  .il:'i 
rate  lodryni^s-     ■ 

neutralize  wit li  ii,>  '.■  ■  ii 
acid;  Utter  and  wash,  r 
and  add  slowly  a  slight 
stand  over  night,  filler, 
culatc  to  sulphur. 

Definition  i>f  I'ermi  Dncrihing  Compoiifnls  ii/  Arflniif  Vlxtract 

23.  The  difference  between  the  acetone  exlrael  and  the  free  sulphur 
shall  be  culled  the  flrganic  Extract. 

24.  The  difference  between  the  organic  extract,  and  the  unsaponifiable 
material  shall  be  calleil  the  Saponifiablc  Acetone  Extract. 

25.  The  sum  of  the  hydrocarbons  A  and  B  shall  be  called  the  total 
Waxy  Hydrocarbons. 

2(>.     The  difference  between  the  unsaponifiable  material  and  the  waxy 
hy.lroearlH.ns  .=hall  be  called  Unsaponiliable  Resins. 
Chloroform  Kxinul 

27.  ICMtEiri  c<-(iiiiiu<.ii.dy.  the  residues  from  bolh  of  Ihe  acetone  extrac- 
lum:.  (wiihipul  neiissarily  removinE  the  acetone  that  may  be  on  them), 
for  fovir  hdiir^  with  liO  cu.  em.  chloroform.  Vniie  the  extractions  in  a 
weighed  flask,  using  hot  chloroform  to  rinse  the  flasks.  Distill  off  the 
solvent  and  dry  the  (task  and  contents  for  two  hours  at  95-100  deg.  cent. 
Cool  in  a  desiccator  and  weigh.  Continue  to  dry  for  one-hour  periods 
until  constant  weight  is  obtained.  In  drying,  place  the  flask  on  its  side 
but  at  a  sulheient  angle  from  the  horizcmtal  so  that  the  extract  does  not 
aiiprcciably  run  down  Ihe  side  of  the  flask,  tif  it  is  needful  to  wait  after 
the  acclone   extraction,   before  starting   the   chloroform   extraction,   the 
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Alcoholic  Potash  Extract 

28.  Dry  the  residues  from  the  chloroform  extractions  at  60-60  deg. 
cent,  until  the  odor  of  chloroform  can  no  longer  be  detected;  unite  the 
residues  from  the  two  2  g.  samples  in  a  200  cu.  cm.  Erlenmeyer  flask.  Add 
100  cu.  cm.  alcoholic  potash  solution  and  boil  for  four  hours  under  a  reflux 
condenser.  Filter  the  solution  by  decantation  through  an  11  cm.  hardened 
filter  paper  into  a  beaker  an'd  wash  twice,  using  each  time  25  cu.  cm.  hot 
absolute  alcohol  and  then  wash  thoroughly  with  hot  water.  Wash  any 
rubber  on  the  filter  paper  back  into  the  original  flask  and  reserve  this  for 
the  determination  of  rubber  hydrocarbons.  Evaporate  the  solution  to 
approximate  dryness,  take  up  in  warm  water  and  transfer  to  a  separatory 
funnel.  Acidify  with  30  cu.  cm.  of  5  N  hydrochloric  acid,  using  this  to 
rinse  the  beaker.  Add  sufficient  water  to  make  the  bulk  of  the  solution 
100  cu.  cm.  When  cool  add  40  cu.  cm.  ether,  using  it  to  rinse  the  beaker 
in  20  cu.  cm.  portions.  Shake  the  aqueous  and  ethereal  solutions  thor- 
oughly. After  complete  separation,  draw  off  the  aqueous  solution  and 
treat  in  another  separatory  funnel,  with  a  fresh  20  cu.  cm.  portion  of 
ether.  Continue  to  shake  the  aqueous  solution  with  fresh  portions  of 
ether  until  a  colorless  portion  has  been  obtained,  then  shake  out  twice 
more.  Unite  the  ethereal  solutions  and  wash  with  successive  additions 
of  water,  continuing  twice  after  the  water  shows  no  acid  reaction.  Filter 
through  a  plug  of  extracted  cotton  into  a  tarred  flask,  wash  the  filter  and 
funnel  with  ether,  evaporate  the  ether  without  boiling  and  dry  the  residue 
at  95-100  deg.  cent.;  cool  in  a  desiccator  and  weigh.  Continue  to  dry  until 
constant  weight  is  obtained. 

Rubber  Hydrocarbons 

29.  Add  to  the  flask  containing  the  rubber  residue  f:om  the  alcoholic 
potash  extraction,  sufficient  water  to  make  the  total  volume  of  the  solution 
125  cu.  cm.  and  then  add  25  cu.  cm.  concentrated  hydrochloric  acid.  Heat 
for  an  hour  at  97-100  deg.  cent.  Decant  the  supernatant  liquid  through  a 
hardened  filter  paper  on  a  Buchner  funnel  7  cm.  diameter,  using  suction; 
wash  the  residue  with  25  cu.  cm.  hot  water  and  decant.  (While  a  Buchner 
funnel  is  recommended,  it  is  permissible  to  use  an  11  cm.  hardened  filter 
paper  with  platinum  cone,  in  a  60  deg.  funnel).  Perform  this  entire  treat- 
ment with  water  and  hydrochloric  add,  three  times  and  save  the  first  and 
second  decantations  for  the  ''organic  matter"  test  described  in  section  36. 
The  rubber  at  this  stage  should  be  white  and  practically  free  from  black 
specks  of  undissolved  fillers;  if  not,  continue  the  acid  treatment  until  the 
black  specks  disappear.  (If  carbon  is  present,  all  the  particles  of  rubber 
will  be  greyish,  bluish,  or  black,  depending  on  the  form  and  quantity  of 
carbon  used.  Black  specks  in  light  particles  of  rubber  usually  indicate 
the  presence  of  lead  sulphide  which  must  be  removed  to  prevent  the  forma- 
tion of  lead  sulphate  on  igniting  the  residue  C.)  Add  150  cu.  cm.  hot  water 
to  the  flask  and  let  stand  on  a  steam  bath  or  hot  plate  for  half  an  hour  and 
decant  through  the  filter  paper.  Return  to  the  flask  any  rubber  that  goes 
on  the  filter  paper.  Repeat  until  the  washings  are  free  from  chlorides. 
(See  section  36).  Transfer  all  the  rubber  in  the  flask  to  the  filter  paper 
and  dry  as  much  as  possible  by  suction.  Wash  the  rubber  with  50  cu.  cm. 
of  95  per  cent  alcohol,  using  suction.     Transfer  the  entire  residue  to  a 


Rubber 
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Weighing  bottle.  Dry  at  95  to  100  tieg.  cent,  for  an  hour,  cool  ii 
dessicalor  under  reduced  pressure  and  weigh.  Dry  for  a  half  hour,  cool 
and  weigh,  repeating  this  process  until  either  constant  weight  is  reached 
or  the  weight  starts  to  increase.  Let  this  weight  be  represented  by  C. 
On  a  portion  D  of  this  residue  C  determine  the  ash  E  according  to  section 
30  and  the  sulphur  F  in  the  ash  E.  Determine  the  sulphur  H  in  another 
portion  G  of  residue  C.  Make  all  sulphui"  determinations  as  described 
under  Total  Sulphur. 

30.  Place  about  0.5  g.  of  residue  C  into  a  weighed  porcelain  crudbte. 
Let  the  weight  of  residue  be  represented  by  D.  Heal  gently,  gradually 
driving  off  the  volatile  matter.  When  the  crucible  ha.i  ceased  to  smoke, 
raise  the  temperature  gradually  to  between  150  and  500  deg.  cent,  until 
all  organic  matter  has  been  burned  away,  which  is  usually  indicated  by  the 
ash  becoming  white.  (An  electric  muffle  furnace  with  pyrometer  is  recom- 
mended for  this  purpose).  Cool  in  a  desiccator  and  weigh,  the  weight  of 
ash  being  represented  by  E  in  the  formula  for  rubber  hydrocarbons. 
Make  sulphur  test  oo  ash  by  the  method  described  under  Total  Sulphur. 
If,  however,  50  X  C  X  £  is  not  over  unity,  the  determination  of  sulphur 
in  the  ash  may  be  omitted  and  F  assumed  to  be  zero. 

Then. 

100   c\  E-F  H  1 

Hydrocarbons  =  — - —       1  —   — — —  —  — 

ex]ircsseii  as  a  iitTLCnlage  of  the  total  sample. 
Tola!  Sulphur 

31.  Place  a  O.Sg  of  rubber  in  a  porcelain  crucible  of  about  100  cu.  cm. 
capacity.  Add  20  cu.  cm.  nitric- acid -bromine  reagent,  cover  the  crucible 
with  a  watch  glass,  and  allow  to  stand  for  one  hour.  Heat  very  carefully 
for  an  hour,  remove  the  cover,  rinsing  it  with  a  little  water,  and  evaporate 
to  dryness.  Add  5g.  of  the  KNOj  -  NaiCO,  fusion  mixture,  and  3  to  4  cu. 
cm.  of  distilled  water.  Digest  for  a  few  minutes,  and  then  spread  the 
mixture  half  way  up  the  .side  of  the  crucible  to  facilitate  drying.  Dry 
on  a  steam  bath  or  hot  plate.  Fuse  the  mixture,  using  a  sulphur-free 
flame  until  all  the  organic  matter  has  been  destroyed  and  the  melt  is  quite 
soft.  Allow  to  cool,  place  the  crucible  in  a  600  cu.  cm.  beaker,  and  cover 
with  water.  Digest  three  or  four  hours  on  the  steam  bath.  Filter  into  an 
800  cu.  cm.  beaker,  washing  thoroughly  with  hot  water.  The  total  volume 
should  be  about  .500  cu.  cm.  Allow  to  cool,  add  7  to  8  cu.  cm.  concen- 
trated  hydrochloric  acid  to  the  filtrate,  and  heat  on  the  steam  bath.  Test 
the  solution  for  acidity  with  congo  paper  and  add  10  cu.  cm.  of  hot  barium 
chloride  solution.  Allow  to  stand  over  night,  filler,  wash,  weigh  the  bar- 
ium sulphate,  and  calculate  to  sulphur. 

Specific  Crafily 

32.  The  specific  gravity  shall  be  the  ratio  of  the- weight  of  a  given 
volume  of  the  compound,  to  the  weight  of  an  equal  volume  of  water, 
both  at  20  deg.  cent.  Cut  strips  of  the  largest  practicable  size  from  the 
conductor  and  use  about  5  g.  for  the  sample.  Determine  the  specific 
gravity  in  the  usual  manner  by  means  of  a  sped  fie- gravity  bottle.     Care 
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Checks 

33.  Specific  gravity  determinations  shall  check  within  0.01.  The 
other  duplicate  determinations  shall  check  within  the  following  limits 
expressed  as  percentages  of  the  original  sample. 

Determination  Check 

Acetone  Extract • 0. 10 

Saponifiable  Acetone  Extract 0.10 

Unsaponifiable  Resins 0.10 

Waxy  Hydrocarbons 0.10 

Free  Sulphur 0.05 

Chloroform  Extract 0.10 

Alcoholic  Potash  Extract 0.10 

Rubber  Hydrocarbons 0 .  20 

Total  Sulphur 0. 10 

Interpretation 

34.  The  i)croentage  of  rubber  shall  be  considered  to  be  the  sum  of  the 
rubber  hydrocarbons,  saponifiable  acetone  extract,  unsaponifiable  resins, 
chloroform  and  alcoholic  potash  extracts,  expressed  as  percentages.  If 
the  chloroform  extract  is  over  3.0  per  cent  of  the  rubber  so  calculated, 
subtract  the  excess  from  tlie  rubber.  If  the  alcoholic  potash  extract  is 
over  1.8  per  cent  of  the  rubber,  as  first  calculated,  subtract  this  excess 
also  from  the  rubber. 

Red  Lead 

35.  Dissolve  1  g.  of  the  sample  in  75  cu.  cm.  Xylol  at  a  temperature 
of  about  100  deg.  cent.  When  the  rubber  is  dissolved,  the  absence  of  any 
red  particles  indicates  the  absence  of  red  lead.  If  red  particles  are  present, 
filter  the  solution  into  a  Gooch  crucible  and  wash  thoroughly  with  benzol, 
acetone  and  alcohol  successively.  Remove  the  felt  and  residue  to  a  dis- 
tilling flask,  add  25  cu.  cm.  10  per  cent  hydrochloric  acid,  and  distill  over 
the  chlorine  liberated  by  the  lead  peroxide,  absorbing  the  gas  in  a  solution 
of  potassium  iodide  and  starch.  Not  more  than  0.1  cu.  cm.  of  0.1  N 
thiosulphate  shall  be  required  to  titrate  the  iodine  liberated. 

Organic  Fillers, 

3().  Transfer  the  first  and  second  decantations  of  the  hydrochloric 
acid  solutions  to  a  carefully  cleaned  porcelain  dish  and  add  20  cu.  cm. 


IM  1-1  .  1.1  1.1 
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Statemtnt  of  Rnult! 
37.     The  tcsuhs  of  t1n'  analysis  shall  h<>  ilat 

Acetone  extract.. . 

Saponiliablc  acctnnr 
Unsftponiliabli 
Wajty  hydrocarbons. 

Free  sulphur 

Chloroform 

Alcoholic  potash  extraci 

Total  sulphur   .    ...    . 

Rubber... 

Color  «f  at.'clDHc  extract  (UO  t-u. 
Fluorescence  in  acetone  extract  solution  (pi 
Hydrocarbons  .4  (consistency  and  coli 
Hvdrocarbons  B  {%-,\{&  or  liquid) 


CIFlCATinN 

1  d    of  the  grade  which  contains 

I     e         H  m  o  be  more  permanent  than 

1      m  g  not  affirmed  by  the  com- 

t  m  this  spedfieation.  is  neces- 

T  m  cannot  be  made,  but  it  is 

wilt  limit  the  use  of  inferior 
I  m  rers  more  nearly  upon  an 

r  experience  to  obtain  the 
;  U  analytical    procedure,    the 

;  a  good  compound  and  to 

fore,  whether  the  material 
^eived.  reprebcnts  the  compound  speLified. 

i.  The  tcrni  Hevca  applied  to  rubber  means  rubber  from  the  Hevea 
asiliensis  tree  whether  wild  or  cultivslcd  and  regardless  of  the  locality 
nhiih  ir  has  hfcn  j;ro«'n.  I'ara  rubber  is  Hevea  rubber  of  the  kind 
Einaliy  shipped  from  the  port  of  Para,  Brazil,  and  comes  in  several 
idc5.  The  rubber  required  by  this  specification  should  be  Hevea  rubber 
jood  quality,  such  as  fine  Para  or  best  quality  plantation  rubber. 
\.  Carbon  is  excluded  not  only  because  it  is  considered,  by  some 
rchasers.  to  be  deleterious,  but  because  it  interferes  with  the  determina- 
n  of  rubber  hydrocarbons. 
I.     Red  lead  is  excluded  because  of  the  possibilities  of  its  deleterious 
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5.  Ozokerite  is  prohibited  because  the  acetone  extract  obtainable  from 
it  interferes  with  the  separation  of  the  acetone  extract  obtainable  from  the 
rubber,  thereby  vitiating  the  assay  of  the  rubber  extract.  This  prohibition 
is  unimportant  to  the  manufacturers,  as  ceresine,  which  is  permitted,  is 
the  essential  constituent  of  ozokerite. 

6.  An  upper  limit  is  placed  upon  the  rubber  in  order  to  prevent  the 
attainment  of  electrical  and  mechanical  strength  by  the  use  of  an  extra 
quantity  of  inferior  rubber  whose  lasting  qualities  might  not  be  satisfac- 
tory. 

7.  The  hydrocarbons  are  limited  owing  to  their  tendency  to  separate 
from  the  compound  and  thus  possibly  cause  porosity. 

8.  The  free  sulphur  is  limited  because  an  excessive  amount  may  be 
deleterious. 

9.  The  maximum  limit  on  the  saponifiable  acetone  extract  is  to  prevent 
the  use  of  raw  or  reclaimed  rubber  with  high  saponifiable  extract.  The 
minimum  limit  assists  in  forcing  the  use  of  Hevea  rubber,  since  it  is 
characteristic  of  the  acetone  extract  from  Hevea  rubber  to  be  largely 
saponifiable. 

10.  The  unsaponifiable  resins  are  limited  because  a  low  proportion  of 
unsaponifiable  resins  is  characteristic  of  Hevea  rubber.  A  high  result 
might  be  due  to  the  presence  of  reclaimed  rubber. 

11.  The  chloroform  extract  is  limited,  first  to  prevent  the  use  of  bi- 
tuminous substances,  and  second,  to  limit  depolymerized  and  undercured 
rubber. 

12.  The  alcoholic  potash  extract  is  limited  to  prevent  the  use  of  saponi- 
fiable rubber  substitutes. 

13.  The  specific  gravity  is  limited  to  reconcile  the  specification  of  in- 
gredients by  weight  with  the  practise  of  purchasing  material  by  volume. 

14.  Fluorescence  of  the  acetone  solution  is  prohibited  as  it  indicates 
the  presence  of  bituminous  substances,  rosin  oil,  or  mineral  oils. 

15.  The  color  of  the  acetone  extracts  is  specified  to  conform  with  the 
normal  color  of  the  extract  from  Hevea  rubber.  A  darker  color  indicates 
adulteration  or  an  inferior  grade  of  rubber. 

16.  The  hydrocarbons  are  required  to  be  solid  in  order  to  prevent  the 
use  of  oils  and  paraf!ine  of  low  melting  point.  The  shade  required  is  that 
obtained  from  paraffine  wax  or  ceresine.  If  hydrocarbons  B  are  liquid 
this  would  indicate  reclaimed  rubber  softened  with  mineral  oil,  or  paraffine 
of  low  melting  point. 

17.  The  color  of  the  chloroform  extract  is  specified  to  conform  with  the 
color  of  dissolved  gum  in  minute  quantities.  The  presence  of  bituminous 
substances  would  be  indicated  by  a  brown  or  black  color. 

18.  It  would  be  desirable  that  the  sulphur  of  vulcanization  be  limited 
to  exclude  reclaimed  rubber,  which  contains  the  sulphur  of  its  previous 
vulcanization,  but  the  committee  has  not  yet  developed  an  acceptable 
method  for  determining  this  quantity.  It  is,  therefore,  confronted  with 
the  choice  of  either  placing  a  limit  on  the  total  sulphur  or  giving  up  the 
attempt  to  exclude  shoddy  by  sulphur  limitation.  Option  is  therefore 
given  to  the  purchaser  to  insert  or  omit  the  limit  on  total  sulphur.  Such 
insertion  will  at  times  exclude  reclaimed  rubber  and  the  committee  believes 
it  possible  to  make  a  suitable  compound  with  this  limitation.    The  com- 
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mittee  thinks  that  a  sulphur  limit  positively  excluding  reclaiincil  rubber, 

would  place  too  great  a  hardship,  in  other  ways,  on  the  manufacturers. 
Wherethespecifieatiooisused  with  no  total  sulphur  limit,  the  use  of  many 
lands  of,  or  much,  reclaimed  rubber,  will  be  guarded  against  by  the  limits 
ot  the  various  components  of  the  acetone  extract.  When  the  liniitatioii  on 
total  sulphur  is  omitted,  sutphur- bearing  fillers,  which  possess  certain 
advantages,  may  be  used. 

19,  Thi;  specification  should  be  supplemented  by  appropriate  elastic- 
ity and  tensile  strength  tests,  in  order  to  add  to  the  assurance  thai  good 
rubber  has  been  used  and  that  the  vulcanization  process  has  been  properly 
carried  out;  also  by  appropriate  electric  stress  and  resistance  tests,  to 
assure  proper  insulating  qualities  and  homogeneity  of  structure.  The 
exact  value  of  the  limits  for  these  tests  will  depend  upon  the  use  to  which 
the  material  is  to  be  put. 


Central 

1.  The  tentatli-e  report  of  the  corainiltte,  presented  in  October.  1913, 
provided  for  the  determination  of  the  percentage  of  rubber  present  by  the 
method  of  difference.  The  mineral  fillers  were  determined  by  the  terebene 
solution  method.  Results  obtained  in  the  use  of  this  method  showed  that 
it  gave  inaccurate  results  on  some  compounds.  The  committee  therefore 
determined  to  abandon  it  and  to  find  a  suitable  substitute.  It  is  believed 
that  the  method  now  recommended  nill  satisfactorilv  solve  the  problem. 

2.  The  moat  feasible  means  of  limuiny  ihe  kin.l  nl  ruMi.r  w;,s  ,un- 
sidered  to  be  the  determination  of  the  saponifiable  and  unsaponifiable 
resins.  These  are  fairly  constant  characteristics  of  the  resins  of  Hevea 
rubber,  and  of  compounds  made  from  the  same.  Other  methods,  such  as 
the  determination  of  the  saponification  number  and  the  optical  activity 
of  the  resins,  were  thought  to  be  unpractical. 

3.  The  method  as  developed  is  applicable  to  the  analysis  of  any  pure 
rubber  compound  containing  only  mineral  matter  with  or  without  ceresine 
or  paratfine  wax,  regardless  of  the  kind  or  amount  of  rubber,  and  can  be 
used  in  conjunction  with  other  specifications  provided  the  limits  are 
changed  to  correspond  with  the  amount  and  kind  of  rubber  desired,  and 
due  consideration  is  given  to  interfering  mineral  matter.  When  applied 
to  a  compound  without  ceresine  or  iKiraffine  wax  the  unsaponifiable 
acetone  extract  is  the  un saponifiable  resins. 

4.  The  method  has  been  definitely  described,  to  make  it  certain  that 
experienced  chemi.sts  may  obtain  concordant  results.  The  interpretation 
has  been  rigidly  delincd,  obviating  any  amliiguity  as  to  the  meaning  that 
will  be  assumed,  even  though  this  somelimes  appears  to  be  arbitrary. 

Sample 

5.  In  order  to  obtain  uniform  results,  ilie  lommiitee  has  established 
by  experiment  that  a  definite  method  of  siiiiipliiiK  has  to  be  adopted  and 
that  for  all  extractions  the  sample  must  be  rediie.  d  in  a  prescribed  manner 
to  at  least  an  approximately  similar  decree  ui  imeiiess.  Vur  this  reason 
the  procedure  specifies  a  definite  type  of  grinder  obtainable  in  two  forms, 
and  also  specifies  definite  sieves. 
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Extraction  Apparatus 

6.  The  committee  has  proved  that  the  extraction  apparatus  used  by 
different  chemists  must  be  of  exactly  the  same  form  and  the  same  size. 
It  was  also  proven  that  small  samples  in  the  apparatus  give  the  maximum 
results  and  that  the  rate  of  extraction  is  dependent  upon  the  amount  of 
solvent  and  its  temperature  as  it  passes  through  the  sample.  The  appara- 
tus finally  adopted  combines  the  advantages  of  several  forms  that  were 
studied  and  together  with  simplicity  of  operation  and  adjustment  to  uni- 
form conditions,  gives  practically  complete  extraction  when  used  as  speci- 
fied. A  number  of  other  variations  that  might  have  a  possible  effect  upon 
the  amount  of  extract,  were  tried  but  found  to  be  inappreciable. 

Acetone  Extraction 

7.  The  extraction  is  made  within  24  hours  of  the  preparation  of  the 
sample,  so  obviating  any  appreciable  oxidation.  Two  samples  are  ex- 
tracted and  united,  so  that  a  larger  amount  of  extract  may  be  obtained 
for  the  subsequent  separations,  and  the  extraction  apparatus  kept  within 
a  convenient  size.  Hot  chloroform  is  used  to  facilitate  the  complete 
transference  of  the  extract.  The  flasks  are  placed  on  their  sides  when 
drying,  to  hasten  the  emission  of  the  solvent  and  thus  reduce  chance  of 
volatilizing,  through  longer  heating,  some  of  the  more  volatile  consti- 
tuents of  the  extract.  Drying  in  vacuo  at  room  temperature,  does  not 
remove  all  the  moisture  if  paraffine  is  present  and  such  drying  with  heat 
or  at  100  deg.  cent,  in  an  inert  gas,  presents  no  practical  advantage  over 
the  method  given. 

Separation  of  the  Acetone  Extract 

8.  The  method  given  was  developed  so  that  all  the  desired  constituents 
could  be  determined  on  one  sample. 

9.  Emphasis  is  laid  on  thorough  extraction  of  the  unsaponifiable 
material  and  the  retention  of  the  flocculent  material  with  the  ethereal 
solution.  This  latter  material  is  not  soluble  in  either  ether  or  water,  but 
it  was  proven  that  if  such  as  was  chloroform-soluble  was  included  in  the 
unsaponifiable  material,  the  subsequent  determination  of  the  hydrocar- 
bons would  be  more  exact.  A  portion  of  this  flocculent  material  is  insolu- 
ble in  chloroform. 

10.  The  hydrocarbons  are  determined  in  two  places,  making  an 
approximate  separation  between  the  solid  and  the  liquid  ones,  if  both  are 
present.  The  first  hydrocarbons  A  are  those  insoluble  in  the  solvent  at  a 
low  temperature.  The  presence  of  unsaponifiable  resins  in  the  solution 
prevents  the  more  complete  freezing  out  of  the  hydrocarbons,  but  the 
remainder  is  obtained  after  treatment  of  the  resins  with  sulphuric  acid. 
In  this  way,  chance  of  loss  through  the  action  of  the  add  has  been  largely 
eliminated. 

11.  The  method  for  free  sulphur  gives  all  the  sulphur  in  the  acetone 
extract  with  the  exception  of  negligible  amounts  which  may  be  in  the 
unsaponifiable  material.  It  was  proven  that  the  results  agree  with 
determinations  made  directly  on  other  acetone  extracts. 

12.  The  saponifiable  and  unsaponifiable  resins  are  obtained  by  differ- 
ence. 


REPORT  OF  THE  JOINT  ■ 

Chtoraform  Extraction 

The  chloroform  extraction  should  be  made  at  once  after  the  ace 

on,  or  the  sample  put  in  a  vacuum,  so  as  to  avoid  the  danger  i 

Bnormally  high  extract,    Whtn  the  extract  is  dried  as  specified,  cons 

Is  obtained  before  any  appreciable  oiidation  occurs.    Ifbitunii 

libstances  are  present,  that  portion  which  has  not  been  extracted  b] 

16.  wii!  be  largely  soluble  in  chloroform  and  can  be  readily  di 

ished  by  its  color.    The  amount  of  extract  i^  also  affected  by  the  pres 

J  and  inferior  rubber.     .\  properly  cured  Hevea  compound 

le  a.  little  extract  with  chloroform,  which  varies  somewhat 

I  the  iiitlhod  and  condilions  of  cure. 

AUokotU  Polash  Extraclioit 
4.  The  alcoholic  potash  extraction  Is  the  usual  saponili cation  pti 
obtaining  the  fatty  acids  of  rubber  substitutes.  The  total  am< 
iuch  substitutes  is  not  obtained,  hut  if  any  appreciable  amom 
present,  the  value  will  exceed  that  of  the  limit  allowed.  When  no 
stitutes  are  present,  this  determination  always  yields  a  small  amour 
extract  from  Hevea  rubber, 

Rubbtr  Hydrocarbons 

15.  Methods  for  the  determination  of  the  percentage  of  rubber  a 
two  kinds,  the  direct  and  the  difference  methods.  The  committee  ado 
a  difference  method  after  trial  of  various  methods,  both  direct  and  indi 

16.  The  difference  methods  are  those  in  which  the  rubber  is  remi 
and  the  residue  weighed.  This  may  be  done  in  either  of  two  ways;  bj 
use  of  solvents,  or  by  ignition.  The  early  work  of  the  committee 
largely  along  the  line  of  removing  the  rubber  by  means  of  solvents.  K 
kinds  and  probably  every  class  of  rubber  solvents  were  tried.  Some 
not  completely  dissolve  the  rubber  at  low  temperatures  and  ordii 
atmospheric  pressure;  others  a.ppi'ared  to  dissolve  the  rubber,  but  for 
a  colloidal  solution  holding  some  of  the  fillers,  which  could  neithe 
filtered  nor  ccnlrifuged  clear  of  mineral  matter.  Many  of  them  wei 
time-consuming  as  to  render  them  worlhles.s,  even  if  accurate  results  c 
he  obtained.  The  solvent  method  given  in  the  Preliminary  Report 
found  to  give  inaccurate  results  with  compounds  containing  much  lith 
or  sine  oxide,  but  gave  very  good  results  on  most  classes  of  compoi 
if  xylol,  instead  of  terebene  is  used  as  the  solvent.  It  has  since  1 
demonstrated,  however,  that  it  is  practically  impossible  to  obtain  coi 
results  on  an  important  class  of  compounds  and  that  method  was,  tl 
fore>  abandoned. 

17.  Ashing  the  compound  gives  fairly  accurate  results  providei 
volatile  or  decomposable  fillers  arc  included,  Thiii.  however,  canno 
assumed  to  be  the  case.  In  the  method  which  the  committee  recomme 
these  objectionable  tillers  are  largely  removed  before  the  compouB 
ignited,  and  provision  is  made  for  testing  those  few  materials  which 
volatile,  but  not  removed.  This  method  is  a  modification  of  an  un; 
lisbed  one  devised,  some  years  ago,  by  G,  H,  Savage. 

•  lip  testing  of  this  method,  compounds  containing  most  ol 
"■"  fillers  were  analyzed,     Whitine.  talc,  i 
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able  in  direct  ashing  do  not  in  any  way  interfere  with  the  determination  of 
rubber  by  this  method.  A  number  of  organic  fillers  were  used,  but  these 
too,  did  not  cause  any  great  error. 

19.  The  securing  of  accurate  results  by  the  method  given  depends 
largely  on  two  things;  the  complete  solution  of  decomposable  fillers,  and 
the  removal  of  all  chlorides.  With  these  precautions,  the  analyst  is  almost 
certain  to  obtain  reasonably  accurate  results.  The  formula  for  calculaiting 
the  rubber  hydrocarbons  presents  no  difficulty  if  the  exact  quantities 
called  for  in  the  method  are  used. 

20.  The  rubber  as  it  is  weighed  under  C  contains  sulphur  in  combina- 
tion with  the  rubber.  On  ignition  sulphur  is  driven  off  with  the  rubber. 
By  determining  the  sulphur  before  and  after  ignition,  the  amount  so  lost 
can  readily  be  calculated,  and  the  proper  correction  made. 

Total  Sulphur 

21.  The  sodium  peroxide  method,  specified  in  the  Committee's  Pre- 
liminary Report,  is  widely  used  in  the  analysis  of  wire  insulation,  and  is 
known  to  yield  accurate  results  on  such  compounds.  The  liability  of 
explosion  with  that  method,  however,  renders  it  somewhat  objectionable. 

It  will  be  noted  that  the  bromine-nitric-acid  method  which  is  now 
specified  does  not  require  the  dehydration  and  separation  of  silica.  If  the 
filtrate  after  the  fusion  and  extraction  with  water,  is  acidified  in  the  cold, 
and  after  the  precipitation  of  the  barium  sulphate  the  solution  is  not 
permitted  to  concentrate  to  a  relatively  small  volume,  any  silica  which  is 
in  solution  will  remain  dissolved.  The  elimination  of  this  step  by  proper 
precautions  saves  considerable  time  without  in  any  way  interfering  with 
the  accuracy  of  the  determination. 

Interpretation  of  Results 

22.  Emphasis  is  laid  on  the  method  of  calculating  the  results.  The 
saponifiable  acetone  extract  and  the  unsaponifiable  resins  are  considered 
to  be  parts  of  the  rubber.  The  chloroform  and  alcoholic  potash  extracts, 
when  within  the  limits  specified,  are  also  so  considered.  Any  quantity 
in  excess  of  these  limits  is  assumed  to  be  due  to  foreign  substances  or 
in  case  of  chloroform  extract,  to  undervulcanized  rubber.  No  allowance 
is  made  for  the  ash  in  the  raw  rubber,  as  it  is  considered  to  be  negligible. 
This  method  of  calculation  has  to  be  adopted  if  the  rubber  found  is  to 
agree  with  that  originally  put  into  the  compound. 

Moisture 

23.  A  determination  of  moisture  is  not  given,  as  electrical  tests  will 
Hctcct  its  presence  if  in  excess.  If  electrical  tests  are  required,  the  error 
introduced  by  the  omission  of  this  determination  is  very  small. 

Note: — With  a  procedure  of  this  length  it  is  impossible  to  explain  every  detail  without 
undue  elaboration,  and  the  committee  wishes  to  point  out  that  while  to  experienced  chemists 
the  procedure  may  seem  over  burdened  by  detail,  yet  every  specified  detail  was  found 
necessary  in  order  that  the  conditions  essential  to  accurate  and  consistent  work  might  b« 
reproduced  by  all  chemists  using  the  procedure.  For  this  reason  it  is  extremely  important 
that  all  instructions  be  observed,  even  if  their  significance  is  not  perceived  by  the  individual 
chemist.  It  will  probably  be  found  that  even  with  the  instructions  properly  observed,  some 
c:^pcrience  will  be  needed  to  apply  the  method  successfully. 
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Part  VI — List  of  Important  Specifications  Containing  the  Joint 
Rubber  Insulation  Committee's  Chemical  Clauses  or  Analytical 

Procedure 

American   Electric   Railway   (Engineering)   Association: 

Standard  Specification  for  Rubber  Insulated  Wire  and  Cable. 

American  Society  for  Testing  Materials: 

Proposed  Specifications  for  Insulated  Wire  and  Cable;  30-per 
cent  Hevea  Rubber. 

Association  of  Railway  Electrical  Engineers: 

Standard  Specifications  for  Wire  and  Cable. 

Interborough  Rapid  Transit  Co.,  Motive  Power  Department^  New  York: 
Specification  No.  2. 

New  York  Central  Railroad  Co.     Electrical  Department: 
Specification  No,  300. 

Panama  Canal: 

Office  of  General  Purchasing  Agent,  Circular  No.  1038. 

Signal  Corps,  U.  S.  Army: 

General  Specification  No.  5S1 — A.,  etc. 
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D.  D.  Jackson,  New  York  City. 
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Those  familiar  with  the  history  of  the  electric  railway  in- 
dustry in  the  United  States  in  the  early  90*s  and  subsequently 
for  a  decade,  will  recall  the  great  rapidity  with  which  the  electric 
railway  was  developed  and  the  litigation  that  resulted  between 
the  gas  and  water  companies  and  the  electric  railway  com- 
panies over  the  introduction  into  the  field  of  the  electric  rail- 
way using  a  grounded  return  circuit.  The  utility  companies 
whose  properties  were  threatened  with  damage  from  elec- 
trolysis due  to  these  grounded  return  circuits  of  the  railway  com- 
panies, attempted  by  all  legitimate  means  to  prevent  the 
acceptance  of  the  grounded  return  circuit,  with  the  result 
that  in  one  or  two  cases, — for  instance,  in  the  city  of  Cincinnati, 
a  complete  metallic  overhead  return  circuit  was  adopted  and  is 
still  in  operation,  but  the  electric  railway  operated  with  a 
grounded  return  circuit  in  connection  with  the  overhead  trolley 
became  the  standard,  and  rapidly  spread  throughout  the  country, 
and  still  remains  the  standard  for  electric  traction  systems. 

At  first  when  the  electric  railwav  svstems  were  small,  and 
light  cars  were  used,  the  quantity  of  current  flowing  through 
the  rails  was  not  large,  and  the  possibility  of  damage  from 
elcctrolwsis  was  comparatively  small,  but  as  the  systems  were  ex- 
tended and  the  weight  and  number  of  cars  greatly  increased, 
the  problem  became  much  more  serious,  and  began  to  demand 
special  attention.  It  is  only  within  the  past  four  or  Ave 
years  that  the  subject  has  been  sufficiently  well  understood 
b}'  engineers  generally  to  make  it  probable  that  their  opinions 
could  be  made  to  agree  upon  standard  methods  for  the  pre- 
vention or  adequate  mitigation  of  electrolysis. 

At  the  i)rescnt  time,  due  to  the  fact  that  the  grounded  return 
circuit  system  has  been  so  long  established  and  so  extensively 
adopted,  with  the  result  that  millions  have  been  invested  in 
coi)per  for  supplemental  rail  return  circuits,  the  engineers  now 
eiulea\()ring  to  seek  a  solution  of  the  question  find  themselves 
confronted  with  the  problem  not  only  how  l)est  to  design  and  in- 
stall a  new  system  to  prevent  damage  from  electrolysis,  but  also 
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what  can  be  done  with  the  electric  railway  systems  as  they 
exist  in  cities  today. 

While  recourse  to  the  courts  has  always  been  open,  the  prov- 
ing in  court  of  the  precise  amount  of  damage  that  has  been 
occasioned  by  electrolysis,  as  distinct  from  other  causes,  and 
accurately  proportioning  such  damage  between  various  elec- 
trical companies,  has  made  the  fixing  of  responsibility  extremely 
difficult.  In  view  of  this  unsatisfactory  condition  it  was  thought 
best  by  the  National  Societies  representing  those  connected  with 
the  various  utilities  involved  to  take  up  the  subject  compre- 
hensively and  endeavor,  if  possible,  by  co-operation  among  them- 
selves and  with  other  interested  associations  and  corporations  to 
gather  and  classify  information,  and  if  then  found  feasible  to 
agree  upon  and  recommend  methods  which  without  being  finan- 
cially prohibitive  will  nevertheless  practically  eliminate  damage 
from  electrolysis. 

The  American  Institute  of  Electrical  Engineers  with  this 
object  in  view  invited  the  following  bodies  to  officially  appoint 
representatives  to  serve  upon  a  committee  for  which  the  name 
The  American  Committee  on  Electrolysis  was  finally  adopted: 

American  Electric  Railway  Association. 

American  Gas  Institute. 

American  Institute  of  Electrical  Engineers. 

American  Railway  Engineering  Association. 

American  Telephone  &  Telegraph  Company. 

American  Water  Works  Association. 

National  Bureau  of  Standards. 

National  Electric  Light  Association. 

Natural  Gas  Association. 
The  first  meeting  of  the  Committee  was  held  in  the  Directors' 
Room,  American  Institute  of  Electrical  Engineers,  33  West 
39th  Street,  New  York  City,  May  27th,  1913,  to  make  pre- 
liminarv'  arrangements,  and  the  second  meeting  held  at  the 
same  place  on  February'  25,  1914,  resulted  in  the  selection  of 
a  permanent  chairman  and  secretary',  and  the  appointment  of 
the  various  sub-committees. 

The  result  of  the  work  of  these  sub-committees  is  embodied 
in  the  various  sections  of  the  accompanying  report. 

Owing  to  the  complexity  of  the  subject  and  the  need  for 
thorough  discussion  in  the  several  technical  bodies,  and  for 
further  investigation  by  the  interests  involved  the  Committee 
has  thought  best  not  to  attempt  to  issue  a  final  report  at  the 
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present  time,  but  has  endeavored  to  present  the  subject  in  this 
preliminary  report  by  such  statements  of  fact  as  its  members  can, 
at  this  time,  unanimously  agree  upon,  with  the  expectation  that, 
after  the  consideration  of  these  statements  of  fact  by  the  bodies 
whom  the  members  of  this  committee  represent,  and  such  further 
investigation  as  may  be  necessary  by  the  Committee,  a  report 
will  ultimately  be  prepared,  embodying  principles,  rules  and 
recommendations  which  will  form  a  basis  for  solving  this  com- 
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A.     ELECTROLYSIS  IN  GENERAL. 

L.  Electrolysis  is  the  process  by  which  chemical  changes  are 
irsed  by  an  electric  current,  independent  of  any  heating  effect. 

Note.  These  changes  usually  occur  in  a  water  solution 
of  an  acid,  alkali  or  salt.  By  the  passage  of  an  electric  current 
through  it,  water  (containing  a  trace  of  acid)  is  decom- 
posed into  hydrogen  and  oxygen,  copper  is  deposited  from 
a  solution  of  copper  sulphate,  silver  from  solutions  of  silver 
salts.  Electroplating,  electrotyping,  and  refining  of  metals 
by  elect rodeposition  are  useful  applications  of  electrolysis 
in  the  arts.  Electrolysis  is  involved  in  the  charge  and 
discharge  of  storage  batteries,  and  in  the  operation  of 
primary   batteries. 

In  order  that  electrolysis  may  occur,  the  following  condi- 
tions must  be  present: 

(a)  There  must  be  a  flow  of  electric  current  through  a 
conducting  liquid  from  one  terminal  to  another; 

(b)  The  conducting  liquid  must  be  a  chemical  com- 
pound or  solution  which  can  be  altered  by  the  action  of  the 
electric  current. 

2.  Electrolyte,  Electrode,  Anode,  Cathode.  The  electrolyte 
the  solution  (or  fused  salt)  through  which  the  electric  cur- 
it  flows;  the  conducting  terminals  are  the  electrodes;  the 
minal  by  which  the  current  enters  the  solution  is  the 
ode\  the  tenninal  bv  which  it  leaves  is  the  cathode. 

NoTiv.  The  chemical  changes  caused  by  the  current  may 
alTect  both  the  electrolyte  and  the  electrodes.  In  the  case  of  a 
solution  of  cop])er  sul])hate  with  copper  ])lates  as  electrodes, 
copper  is  removed  from  the  anode  l)y  the  current  and 
carried  into  solution;  an  equal  amount  of  copper  is  de- 
posited upon  the  cathode.  In  general,  the  metal  travels 
with  the  current  toward  the  cathode. 

J.  Amount  of  Chemical  Action.    {Faraday' s  Law) .   The  amount 

chemical  action  taking   place  at  the   anode  and  also  at   the 

hode   (as    ex])ressed    by   Faraday's  law)    is   pro})orlional   to 

the   strength   of   current    flowing,    (2)    the  duration   of   the 
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current,  and  (3)  the  chemical  equivalent  weighls  of  the  sub- 
si  ances. 

Note.  Otherwise  expressed,  the  quantity  of  metal  or  other 
substance  separated  is  proportional  to  the  total  quantity 
of  electricity  passing  and  the  electro-chemical  equivalent 
of  the  substance  or  substances  concerned.  The  electro- 
chemical equivalent  of  a  metal  is  iiroporLional  to  its  atomic 
weight  divided  by  its  valence.  Faraday's  law  is  so  exactly 
realized  in  practice  under  favorable  conditions  that  it  is 
used  as  the  basis  for  the  definition  of  the  international 
amyjerc,  one  of  the  fundamental  electrical  units. 

4.  Cause  of  Current  Flow.  The  current  flowing  through  the 
electrolyte  may  be  due  (l)  to  an  external  electromotive  force 
or  (2)  to  the  difference  of  polnitial  due  to  the  use  of  electrode?; 
of  different  materials  or  to  solutions  of  different  concentrations. 

Note  .  The  first  case  is  illustrated  by  electrolysis  of  dilute 
sulphuric  acid  using  two  lead  jilates  and  an  external  battery; 
the  second  by  the  electrolysis  of  the  same  solution  using 
a  zinc  and  a  copper  plate,  which  touch  each  other  inside  or 
outside  the  solution.  Tht  first  occurs  in  charging  a  storage 
iialtcn,-;  the  second  in  the  discharging  of  a  primary  battery 
or  a  slurjige  huLlnTy. 

6.  Electrolysis  by  Local  Action.     Instead  of  two  plates  of 

different  metals  the  .same  result  may  follow  with  one  plate  if  it 
is  chemically  impure  or  otherwise  heterogeneous,  when  immersed 
in  dilute  acid, 

NoTii.  Such  a  plate  excites  local  currents  and  a  loss  of 
metal  occurs  at  al!  the  anode  areas.  This  loral  action  causes 
imjiure  zinc  to  dissolve  rajiidly  in  a  solution  which  has  no 
action  on  jiure  zinc. 

6,  Anodic  Corrosion  is  the  term  apiilied  to  the  loss  of  metal 
by  electrolysis  at  the  anode. 

NoTii,  When  iron  is  anode  the  iron  is  carrieni  into  solution 
by  (he  current,  the  first  product  being  a  salt  of  iron,  the 
nature  of  which  dejjcnds  upon  the  character  of  the  elec- 
trolyte. In  dilute  sulphuric  acid,  ferrous  sulphate  is 
formed,  in  hydrochloric  acid,  ferrous  chloride,  etc.  These 
first  ])roducts  of  the  electrolysis  are  frequently  modified 
by  secondary  reactions. 

7.  Secondary  Reactions  are  the  chemical  changes  which 
occur  at  or  near  the  electrodes,  by  which  the  primary  products 
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dectrolysis  are  converted  into  other  chemical  substances, 
i  are  sometimes  followed  by  other  reactions. 

Note  .  Ferrous  hydroxide  formed  by  the  union  of  iron  with 
hydroxyl  ions  set  free  at  the  anode,  is  subsequently  con- 
verted into  iron  oxide  due  to  the  reactions  with  oxygen 
dissolved  in  the  electrolyte.  When  lead  is  cathode  in  an 
alkali  soil  or  solution,  the  alkali  metal  (such  as  sodium 
or  potassium)  reacts  with  water  at  the  cathode  and  forms 
alkali  hydroxide,  setting  free  hydrogen.  This  hydroxide 
may  (especially  after  the  current  ceases)  react  with  the 
lead  chemically  and  form  lead  hydroxide,  which  in  turn 
may  combine  with  carbon  dioxide,  forming  lead  carbonate. 

J.  Cathodic  Corrosion  is  the  term  applied  to  the  corrosion 
e  to  the  secondary  reactions  of  the  cathodic  products  of 
ctrolysis,  as  described  in  the  preceding  paragraph.  The 
tal  of  the  cathode  is  not  removed  directly  by  the  electric 
Tent  but  may  be  dissolved  by  a  secondary  action  of  alkali 
)duced  by  the  current. 

Note  :  The  anodic  corrosion  is  more  common  and  more 
.serious;  cathodic  corrosion,  however,  sometimes  occurs  on 
lead  and  other  metals  that  are  soluble  in  alkali.  Cathodic 
corrosion  never  occurs  in  the  case  of  iron. 

B.     ELECTROLYSIS  OF  UNDERGROUND  STRUCTURES. 

).  General.  In  the  electrolysis  of  gas  and  water  pipes,  cable 
jaths,  and  other  underground  metallic  structures,  and  the 
Is  of  electric  railways,  the  moisture  of  the  soil  with  its  dis- 
ved  acids,  salts,  and  alkalis  is  the  electrolyte,  and  the  metal 
)es,  cable  sheaths  and  rails  are  the  electrodes. 

Note.  Where  the  current  flows  away  from  the  pipes, 
the  latter  serve  as  anodes  and  the  metal  is  corroded. 
Metal  or  gas  or  alkali,  according  to  the  nature  of  the  soil, 
will  be  set  free  at  the  cathode. 

LO.  Self  Corrosion  is  the  lerni  applied  when  a  pipe  or  other 
.ss  of  impure  or  heterogeneous  metal  buried  in  the  soil  is 
roded  due  to  electrolysis  by  local  action. 

Note.  This  is  called  "self  corrosion"  because  the  elec- 
tric current  originates  on  the  metal  itself,  without  any 
external  agency  to  cause  the  current  to  flow.  Self  cor- 
rosion may  also  be  due  to  direct  chemical  action. 
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11.  Acceleration  of  Local  or  Self  Corroelon.    Self  corrosion  is 

accelerated  by  the  presence  of  acids  or  salts  in  the  soil  water 
which  lower  its  resistance  as  an  electrolyte,  and  also  by  cinders, 
coke  or  other  conducting  particles  of  different  electric  potential 
which  augment  the  local  electric  currents.  In  the  latter  case  the 
metal  need  not  be  heterogeneous. 

Note.  A  pipe  may  be  destroyed  in  a  relatively  short 
time  by  self  corrosion  or  local  action  if  buried  in  wet 
cinders  or  in  certain  soils. 

12.  Coefficient  of  Corrosion.  The  coefficient  of  elei-tmlytic  cor- 
rosion, (sometimes  called  corrosion  efficiency)  is  the  quotient  of 
the  total  loss  of  metal  due  to  anodic  corrosion  (after  deducting 
the  amount  of  self  corrosion  if  any)  divided  by  the  theoretical 
lass  of  metal,  as  calculated  hy  Faraday's  law,  on  the  assumption 
that  the  corrosion  of  the  anode  is  the  only  reaction  involved. 

Note.  In  practice  it  is  found  thai  the  coefficient  of 
corrosion  varies  widely  from  unity,  being  sometimes  as  low 
as  0.2  and  soraelimes  even  above  1.5,  but  commonlv between 
0,.')  and  ].l. 

13.  Anodic  and  Self  Corrosion.  Anodic  corrosion  due  to 
external  currents  and  self  corrosion  due  to  local  action  may 
occur  simultaneously,  and  the  former  may  accelerate  Ike  latter. 

Note.  Hence  the  corrosion  due  to  a  given  current  plus  the 
increased  self  corrosion  induced  by  that  current  may  give 
a  greater  total  corrosion  than  called  for  by  Faraday's  law. 
This  explains  how  the  coefficient  of  corrosion  may  exceed 
unity. 

14.  Passivity  is  the  name  given  to  the  phenomenon  in  which 
a  current  flows  through  an  electrolyte  without  producing  the 
full  amount  of  anodic  corrosion  whicli  wnulrl  occur  under  normal 
conditions. 

Note.  This  restricted  definition  of  passivity  has  regard 
only  to  its  effect  in  electrolysis.  Many  conditions  affect  the 
degree  of  ijassivity  attained,  an  initial  large  current  density 
being  favorable  to  it.  Plunging  iron  into  fuming  nitric 
acid  renders  it  temporarily  passive.  A  satisfactory  ex- 
planation of  passivity  has  not  been  given. 

16.  Polarization  Voltage  (sometimes  called  polarization  po- 
tential) is  the  temporary  change  in  the  difference  of  potential 
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between  an  electrode  and  the  electrolyte  in  contact  with  it  due 
to  the  passage  of  a  current  to  or  from  the  electrode.  This 
change  in  potential  difference,  is  due  to  the  change  in  the  con- 
ditions of  the  surface  of  the  electrode  or  change  in  the  con- 
centration of  the  electrolyte  (or  both),  and  under  some  con- 
ditions is  approximately  proportional  to  the  current  flowing, 
but  in  many  cases  is  not  so  proportional.  The  magnitude  of 
the  polarization  voltage  also  depends  on  the  material  of  the 
electrode,  the  nature  of  the  electrolyte  and  the  direction  of 
the  current. 

16.  Alternating  or    Frequently    Reversed    Direct    Currents. 

If  alternating  currents  (or  frequently  reversed  direct  cur- 
rents) flow  through  the  soil  between  pipes  or  other  under- 
ground metallic  structures,  the  metal  removed  during  the  half 
cycles  when  a  pipe  is  anode  may  be  in  part  replaced  when  it  is 
cathode.  Hence,  the  total  loss  of  metal  on  a  given  pipe  is  less 
than  one-half  of  what  it  would  be  if  the  pij^e  were  an  anode 
with  direct  current  of  the  same  average  value  in  the  case  of 
frequently  reversed  direct  current  and  in  the  case  of  alternating 
current  at  commercial  frequency  it  is  less  than  1^  and  in  most 
cases  negligible.     (See  Section  52.) 

Note.  In  slow  reversals  of  current,  the  recovery  effect  is 
less, but  the  loss  will  be  less  than  with  direct  current  continu- 
ously in  the  same  direction  (excepting  possibly  where  the 
phenomenon  of  passivity  may  affect  the  result). 

17.  Action  on  Underground  Metallic  Structures.  Fara- 
day's Law  ajjplies  to  electrolysis  of  metallic  structures  in 
soil  as  elsewhere,  the  total  chemical  action  being  pro])ortional 
to  the  average  current  strength  and  the  time  the  current  flows  and 
to  the  electrochemical  equivalent  of  the  metal  or  other  substances 
concerned.  Although  local  action  and  ])assivily  affect  the  loss 
of  metal  and  so  ap]3arently  modify  Faraday's  law,  it  is  still  true 
that  the  total  chemical  action  resultins^  from  the  current  flow 
is  proi)orii()nal  to  the  total  current  when  local  currents  are  in- 
cluded. 

Note.  Sometimes  this  chemical  action  is  concerned  only 
with  corroding  the  anode;  sometimes  it  is  concerned  with 
breaking  up  the  electrolyte,  as  when  the  anode  is  a  noble 
metal  or  in  the  j)assi\-e  state  (as  iron  and  lead  sometimes 
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sheath  is  3.7  times  as  great  as  thai  of  irorj  (ferrous)  frc 
an  iron  pipe  due  to  the  same  current  hecause  of  the  larg 
c'k'ctrudiCTTiiL-al  equivalent  of  lead. 

18.  Stray  Current.  If  the  railway  return  utilizes  the  ground 
Irails  of  the  tracks,  part  of  the  current  will  flow  off  the  rails 
I  other  grounded  returns  and  return  through  other  paths;  t 
[  current  observing  the  law  of  divided  circuits;  i.e.  the  curre 

Hows  through  all  possible  paths  in  parallel,  the  strength  of  ci 
rent  in  each  i)ath  being  inversely  proportional  to  its  resistant 
This  statement  excludes  the  effect  of  polarization  on  rails  a: 
under^jround  structures,  which  in  some  cases  is  appreciable. 

19.  Electrolysis  Mitigation.  The  two  primary  features 
electrolysis  mitigation  are  (1)  the  reduction  of  the  flow  of  ci 
rent  through  the  earth  and  the  metallic  structures  buried  in  t 
earth,  (2)  the  reduction  of  the  anode  areas  of  such  structui 
to  a  minimum,  where  the  current  is  not  substantially  elimiiiat 
in  order  to  i^educe  the  area  of  destructive  corrosion  as  far 
possible. 

Note:  The  current  in  the  underground  metallic  stn: 
lures  will  be  decreased,  other  conditions  remaining  t 
same,  by  (1)  increasing  the  conductance  of  the  return  c 
cuit,  (2)  increasing  the  resistance  of  the  leakage  path 
earth,  (3)  increasing  the  resistance  between  the  earth  ai 
the  underground  metallic  structures,  (4)  increasing  the  i 
sistance  of  the  underground  metallic  structures. 

The  anode  areas  of  the  undergrotnid  metallic  structur 
will  be  decreased,  other  conditions  remaining  the  same.  1 
providing  suitably  placed  metallic  conductors  for  leadii 
the  current  out  of  t!)e  underground  structures  so  that  ti 
flow  of  the  current  directly  to  the  earth  shall  be  minimize 
This  will  change  a  portion  of  the  anode  area  to  cathode. 

20.  Electrolysis  Surveys.  A  term  applied  to  investigatio 
made  to  dcleriniiK'  the  condition  of  grounded  metallic  structur 
and  the  soil  in  which  they  are  imbedded  and  of  the  overall  drof 
potential  gradients,  local  potential  conditions,  current  densitie 
etc.  in  the  railway  tracks,  or  other  grounded  metallic  structure 
and  positi\'e  and  negati\-e  feeders  connected  to  them  to  dete 
mine  what  conditions  tending  to  produce  damage  exist. 

'-v.,„rnU   Potential     Measurements.      Overall      jmtenti 
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points  in  the  tracks  at  the  feed  limits  of  the  station  and  the 
point  in  the  tracks  which  is  lowest  in  potential,  and  are  obtained 
by  means  of  pressure  wires  and  indicating  or  recording  volt- 
meters. 

Note  :  The  pressure  wires  may  be  telephone  or  other 
wires  utilized  temporarily,  or  wires  permanently  installed 
for  the  purpose. 

22.  Potential  Gradients.  The  potential  gradient  is  the  rate 
of  change  of  electric  potential  along  the  rails  of  a  track  or  other 
grounded  structure  in  the  earth,  and  is  usually  expressed  in 
volts  per  thousand  feet  or  volts  per  kilometer. 

23.  Positive  and  Negative  Areas.  Positive  areas  are  those 
areas  where  the  current  is  in  general  leaving  the  pipes  or  other 
underground  metallic  structures  for  the  earth.  Such  areas  are 
often  called  danger  areas. 

Negative  areas  are  those  areas  where  the  current  is  in  gen- 
eral flowing  to  the  pi])es  or  other  underground  metallic  structures. 

NoTii:  As  the  current  often  flows  from  one  underground 
metallic  structure  to  another,  it  is  evident  that  within  a 
j)Ositive  area  there  are  local  negative  areas  and  vice  versa. 
Hence  the  terms  are  applied  somewhat  loosely,  and  according 
to  which  condition  j^redominates. 

Besides  the  positive  and  negative  areas  there  are  areas 
of  more  or  less  indefinite  extent  in  which  the  current  flow  be- 
tween metallic  underground  structures  and  earth  normally  re- 
\'erses  between  ])ositive  and  negative  values.  These  areas 
are  called  neutral  areas  or  neutral  zones. 

24.  Drainage  Systems.  A  drainage  system  is  one  in  which 
wires  or  cables  are  run  from  a  negative  return  circuit  of  an 
electric  railwa}'  and  allached  to  the  underground  pipes,  cable 
sheaths  or  other  underground  metallic  structures  which  tend  to 
become  positi\'e   lo  earth,   so  as  to   conduct  current  from  such 
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25.  Uninsulated  Track  Feeder  System.  An  uninsulated 
track  feeder  system  is  one  in  which  the  return  feeders  are 
electrically  in  parallel  with  the  tracks.  Under  such  circum- 
stances the  cables  may  be  operating  very  inefficiently  as 
current  conductors  and  as  a  means  of  reducing  track  voltage 
drop,  particularly  where  voltage  drops  in  the  earth  portion  of 
the  return  are  maintained  at  the  low  values  usually  required 
for  good  electrolysis  conditions.     (Sec  Section  47  (d)). 

26.  Insulated  Track  Feeder  System.  An  insulated  track 
feeder  vSystem,  sometimes  called  an  insulated  return  feeder 
system,  is  one  in  which  in.sulated  wires  or  cables  are  run 
from  the  insulated  negative  bus  in  a  railway  power  station  and 
attached  at  such  ])laces  to  the  rails  of  the  track  as  to  take  cur- 
rent from  the  track  and  conduct  it  to  the  station,  in  such  a 
manner  as  to  reduce  the  potential  gradients  in  the  tracks  and 
the  diilerences  of  potential  between  underground  metallic 
structures  and  rails,  and  so  reducing  the  flow  of  current  in  un- 
derground metallic  structures.     (vSec  section  53). 

Note.  The  insulated  negative  feeders  may  run  separately 
from  the  negative  bus  to  various  points  in  the  track  network, 
or  a  smaller  nutnber  of  cal)les  may  be  used  with  suitable 
resistance  taps  marie  to  tracks  at  various  places. 

With  this  s}'stem  the  droj)  of  j)otential  in  the  track 
feeders  is  independent  of  the  drop  of  potential  in  the  tracks. 
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METHODS  OF  MAKING  ELECTROLYSIS 

SURVEYS. 

A:  GENERAL. 

27.  General  Principles  of  Electrolysis  Surveys.  The  princi- 
pal measurements  made  in  electrolysis  surveys  of  under- 
ground structures  are  measurements  of  the  potential  differ- 
ences between  the  structure  tested  and  all  other  neighboring 
metal  structures  in  earth,  neighboiing  rails,  and  neighboring 
earth,  and  measurements  of  current  flow  on  selected  sections  of 
the  structural  system  under  test.  The  potential  difference  be- 
tween the  structure  tested  and  earth  affords  more  complete 
information  than  can  be  secured  from  the  results  of  any 
other  practicable  class  of  observations.  The  difficulties  are, 
however,  to  make  these  measurements  so  as  to  obtain 
the  true  potential  difference  between  the  earth  and  the 
earthed  structure,  and  frequently  also  to  obtain  contact  with 
earth  in  the  immediate  neighborhood  of  the  structure  tested. 
If  an  electrode  is  used  for  the  earth  potential  measurement,  not 
consisting  of  the  same  metal  as  the  structure  tested  an 
error  may  still  be  introduced  due  to  difference  in  the  polariza- 
tion potential  of  the  two  electrodes.  A  non-polarizable  electrode 
has  been  devised  by  Dr.  Haber,  as  described  later  in  this  report, 
but  it  has  been  used  only  to  a  very  limited  extent  in  this  country. 
On  account  of  the  difficulties  of  making  earth  potential  measure- 
ments, measurements  of  the  potential  differences  between  the 
structure  that  is  being  surveyed  and  neighboring  metal  structures 
are  much  more  generally  made. 

Measurements  of  stray  current  flowing  in  selected  sections  of 
any  structural  system  are  practicable  if  a  suitable  length 
of  the  structure  can  be  made  accessible.  By  comparison  of  such 
measurements  conclusions  can  be  reached  as  to  the  areas  in 
which  stray  currents  are  being  taken  from  or  delivered  to  the 
earth  and  as  to  the  amounts  of  current  which  are  concerned  in 
these  exchanges.  Measurements  of  this  character  usually 
cannot  be  made  on  sections  so  close  together  as  to  give  for 
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many  points  definite  values  for  the  current  flowing  to  or  from 
earth  on  account  of  the  high  cost  of  the  necessary  excavations 
and  permanent  replacements.  We  have  therefore  included  a 
description  of  the  "  earth  ammeter "  which  has  been  used 
abroad,  and  to  a  limited  extent  also  in  this  country,  for  ob- 
taining direct  measurements  of  current  flow  in  the  earth. 

A  survey  of  the  earthed  structures  which  are  liable  to  electrolytic 
corrosion  by  stray  currents  consists  in  making  such  obsen^ations 
relating  to  their  electrical  condition  as  may  determine  the  route 
followed,  by  the  stray  curient  and  its  degree  of  concentration, 
thereby  permitting  deductions  to  be  made  relative  to  the 
extent  and  the  intensity  of  the  electrolytic  injury  to  which 
the  structures  may  he  subjected.  While  measurements  of 
potential  are  most  frequently  made  (to  such  an  extent  that 
the  term  "  Potential  Survey  "  is  often  applied  to  this 
work),  it  should  be  borne  in  mind  that  the  real  object 
of  the  survey  is  to  determine  where  current  may  flow  from 
structure  to  earth  or  from  earth  to  structure  and  the  magnitude 
of  the  current  flowing  for  each  of  the  smallest  sections  into 
which  the  structure  can  practically  be  subdivided. 

In  di.'JcusRing  mt'Uiods  of  survey,  the  mensuremenls  of  poten- 
tial and  current  peculiar  to  each  class  of  earthed  structures  will 
first  be  described,  together  with  any  special  observations  or 
precautions  to  be  taken.  A  discussion  of  the  measurements  of  a 
general  nature  common  to  all  classes  of  structures  will  then 
follow.  Measuring  instruments  and  other  apparatus  employed 
in  connection  with  this  work  will  be  described  in  detail  in  the 
section  devoted  to  apparatus. 

28.  Electric  Railways.  Before  making  measurements  re- 
lating to  an  electric  railway  system  the  available  informa- 
tion as  to  its  extent,  its  construction  features  and  particularly 
the  arrangement  of  its  earthed  return  circuit  and  the  connections 
thereto  should  lie  collected.  The  best  available  maps  should 
be  procured  and  all  information  pertinent  to  the  electrolysis 
investigation  recorded,  either  by  annotation  on  a  suitably 
arranged  mail,  or  in  some  other  convenient  form.  All  electrical 
connections  made  for  any  purpose  with  the  rails  or  other  parts 
of  the  return  circuit  should  be  noted  with  special  care,  and  the 
location  of  any  structures  to  which  connection  is  thus  made 
ascertained  and  recorded. 

The  principal  measurements  to  be  made  upon  the  grounded 


ELECTROLYSIS   SURVEYS  1703 


'01  ELECTKOLrSlS  Sl'RVEYS 

snould  be  employed.  If  circuits  to  a  sufficient  number  of  points 
have  been  installed,  the  measurements  nf  potential  gradient  in  the 
tracks  may  be  taken  by  connecting  the  proper  n-ires  at  the  central 
point  to  the  voltmeter.  K  the  requisite  number  of  pressure 
wires  for  gradient  tests  is  not  available,  these  measurements  may 
be  obtained  by  carryiiif;  .1  suitable  length  of  insulated  wire  along 
the  track  and  connectinj;  it  through  a  voltmeter  lo  the  track  at 
the  two  points  between  which  the  fn'^c^ient  is  to  be  measured. 

Measurements  of  current  flowing  in  negative  feeders  or  in 
(ither  connections  to  the  track  return  can  be  taken  by  inserting 
an  ammeter  in  the  circuit  to  be  measured,  when  this  is  possible, 
or  by  taking  the  voltage  droj)  along  some  accessible  section  of 
the  connecting  lead,  which  is  sufficiently  uniform  in  dimensions 
to  pennil  of  a  ready  calculation  of  its  resistance.  It  is  important 
that  ail  such  measurements  of  current  whoulil  be  taken  either 
simullaneoiisSy  ivith  measurements  of  potential  difference  be- 
tween the  bus-bar  and  the  track  end  of  the  connection,  or 
imder  such  conditions  as  to  permit  of  iheir  accurate  correlation 
with  the  potential  observations,  A  station  load  cur\'e  should 
also  be  obtained  on  account  of  the  information  which  it  gives 
as  to  ihc  characteristics  of  the  power  supply. 

Measurements  of  rail  bond  resistance  are  not  necessarily  a 
part  of  the  work  to  be  done  in  an  electrolysis  survey.  It  is, 
howe\'cr,  occasionally  necessar\'  in  connection  with  a  survey  to 
test  the  resistaticc  of  particular  rail  bonds  in  order  to  obtain 
data  necessary  for  the  explanation  of  results  obtained  in  making 
some  of  the  regular  measurements.  When  such  tests  are  made, 
the  fall  of  potential  across  the  joint  in  the  rail  should  be  observed 
simultaneously  in  comparison  with  the  difference  of  potential 
for  some  short  measured  length  of  the  adjacent  rail.  If  one  of 
the  special  rail  liond  testing  devices  is  not  available  for  this  work, 
two  voltmeters  can  lie  employed  and  read  shnuUaneously,  or  one 
voltmeler  can  Ik;  connected  with  a  quick  acting  switch  and 
eniphiycd  so  as  to  secure  praciically  sinuiUaneous  observations. 
Tliis  latter  method  may  j;ive  unreliable  results  unless  a  large 
number  uf  readings  are  averaged. 

29.  Earthed  Piping  Systems.  Before  tests  are  made  to 
determine  the  electrolytic  condition  of  any  piping  system, 
all  available  information  as  to  its  extent  and  the  character- 
istics of  its  construction  should  be  collected  and  studied.  The 
best  available   majis  of  the  system  shoidd  be  procured  and  any 
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special  information  of  importance  in  connection  with  an  elec- 
trolysis survey  not  noted  on  the  maps,  such  as  the  metals  of 
which  the  pipes  are  composed,  the  location  of  insulating  joints, 
the  relative  locations  of  other  piping,  and  cable  systems, 
the  location  of  electric  railway  tracks  and  return  circuits,  etc., 
should  either  be  recorded  upon  them  or  arranged  in  some 
convenient  form  for  reference. 

The  observations  which  should  systematically  be  taken  in 
examining  a  piping  system  are  as  follows: 

1.  Difference  of  potential  between  piping  system  and 
electric  railway  rails,  other  piping  systems,  cable  systems, 
metal  bridges,  steam  railway  rails,  etc.,  at  points  where 
these  cross  the  piping  system  or  come  in  close  proximity 
to  it.     (Potential  survey). 

2.  Measurements  of  potential  difference  between  ad- 
jacent hydrants,  or  adjacent  drip  or  service  connections. 
(This  will  serve  to  give  the  direction  of  the  current  flow- 
ing in  the  pipe  line  and  some  rough  indications  of  its 
amount) . 

3.  Measurements  of  current  flowing  upon  exposed  sec- 
tions of  pipe.     (Current  survey). 

4.  Difference  of  potential  between  points  on  the  piping 
system  and  the  adjacent  earth  if  contacts  with  earth  can 
be  obtained. 

To  make  a  potential  survey,  jjotential  differences  between 
the  underground  pipes  and  rails  are  usually  measured  at  a 
number  of  points  along  every  street  where  there  are  pipes  and 
electric  railway  tracks.  Where  there  are  other  underground 
pipes  and  lead-sheathed  cable  systems,  it  is  desirable  to  make 
simultaneous  measurements  of  potential  difference  between 
the  piping  system  being  surveyed  and  the  neighboring  pipe 
and  cable  sheaths.  It  is  desirable  to  make  all  of  the  measure- 
ments of  i)otenlial  difference  at  any  one  point  simultaneously 
between  all  structures  tested.  Contact  with  the  underground 
pipes  for  these  potential  nieasiirenients  may  be  made  by  means 
of  service  ])ipes,  hydrants,  or  drip  connections.  The  connec- 
tions used  for  the  ]>olential  measurements  may  be  tested  for 
electrical  continuity  l)y  means  of  an  ammeter  connected  be- 
tween the  contacts  with  a  dry  cell  in  series  if  necessary. 

Measurements  uf  potential  difference  between  adjacent  test 
points  on  the  piping  system  should  also  occasionally  be  taken. 
As  the  resistance  of  pipe  joints  is  usually  not  uniform,  only 
an  approximate  idea  of  the  current  flowing  can  be  obtained 
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in  this  manner.     The  principal  object  of  this  test  is  to  obtain 
an  indication  of  the  direction  of  the  flow  of  c^lr^ent. 

!t  is  therefore  desirable  to  make  a  rather  large  number  of 
these  tests  at  quite  frequent  intervals,  since  the  results  may 
be  interpreted  only  in  a  general  way;  individual  tests  may 
be  expected  to  vary  widely,  and  in  some  cases  they  may  even 
conflict.  This  test  may  be  made  for  shorter  intervals  and  in 
greater  detail,  where  some  stidden  change  of  potential  difference 
to  earth  or  neij;hborinK  structures  lias  been  observed.  Owing  to 
the  uncertainties  as  to  resistance  of  joints  it  is  best  not  to  al- 
lempt  to  translate  these  voltage  readings  into  terms  of  current. 
They  may,  however,  be  used  in  comparisons  to  assi.'it  in  fixing 
the  points  for  more  accurate  measurements  of  current  as 
described   in   the  next  paragraph. 

When  the  potential  observations  have  been  completed  and 
transferred  to  a  map  or  in  some  other  way  assembled  for  study, 
cons iiiera lion  should  be  given  to  them  with  a  view  to  deter- 
mining what  parts  of  the  piping  system  a])pear  likely  to  be  re- 
ceiving substantial  amounts  of  current  from  earth  or  passing 
substantial  amounts  of  current  Iti  earth.  The  neutral  sections 
of  piping  between  positive  and  negative  jialential  zones 
should  also  be  located.  With  this  information  at  hand  sections 
of  the  piping  system  should  he  selected  both  in  the  positive 
and  negative  zones  and  in  the  neutral  area  at  which  excavations 
can  be  made  and  determinations  of  the  current  flowing  in  the 
pipes  obtained.  In  selecting  points  for  excavations,  preference 
should  in  general  be  given  to  the  main  piping  routes,  but 
attention  should  also  l>e  given  to  any  branch  lines  which  appear 
likely  lo  be  receiving  or  dehvcring  relatively  large  amounts  of 
current.  Any  cases  where  sections  of  the  system  located  with- 
in the  "negative  area"  give  positive  readings  to  earth,  should 
also  be  given  piefercnce  in  this  study. 

The  method  of  measuring  current  consists  in  determining  the  fall 
of  potential  along  a  measured  length  of  pipe  of  known  di- 
mensions. For  the  jnirpose  of  this  measurement  it  will  generally 
be  found  advisable  to  attach  insulated  wires  permanently  to 
the  pi|)c  and  to  can-y  them  lo  .some  suitable  point  underneath 
the  sidewalk  from  which  they  may  he  led  up  to  the  surface  to 
terminate  in  ,ser\'ice  or  other  suitable  boxes  so  as  to  be  available 
for  mea.'^urements  of  current  in  the  future  after  the  excavation 
has  been  filled,  (See  Fig.  1.)  Tables  giving  the  resistances  of  unit 
lengths  of  pipe  of  different,  diameters  and  materials  are  attached 
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lo  this  report.  (SeeAppeiidixTabIes9-10).  The  current  flowing  in 
the  pipe  may  be  obtained  by  compulation  from  the  observed 
drop  of  potential  and  the  unit  resistance  for  the  class  and 
weight  of  pipe. 

In  addition  to  the  observations  made  upon  the  piping  system, 
careful  attention  should  be  given  to  the  condition  of  the 
service  pipes  to  buildings,  particularly  in  locations  where  the 
sen-ices  cross  other  piping  systems,  cable  systems,  etc.  The 
potential  between  these  service  pipes  and  earth  and  between 
the  service  pipes  and  the  other  earthed  structure  crossed  should 
be  determined.  It  will  not  be  within  the  scope  of  the  usual 
survey  to  detennine  the  condition  of  all  service  pipes  in  the 
area  covered,  but  it  is  desirable  that  some  of  the  services 
be  tested  in  order  to  ascertain  whether  there  is  any  serious 
t  end  en  c  J'  towards  the  local  electrolytic  corrosion  of  service 
pipes.  When  buildings  are  entered  for  the  yiurpose  of  testing 
service  connections,  tests  of  potential  should  always  be  made 
to  any  other  service  pipes  or  cables  which  enter  the  same  build- 
ing, in  order  to  detect  cases  where  one  structural  system  is 
making  contact  with  the  other.  Current  measurements  may 
also  cnn\-eniently  be  made  on  service  pipes  in  buildinj^s.  since 
the  pipes  are  exposed.  Such  tests  should  be  made  frequently, 
as  they  often  reveal  an  interchange  of  stray  current  between 
piping  systems  which  may  be  in  contact  in  the  building. 

30.  Underground  Cable  Systems.  Before  tests  are  made 
to  determine  the  electrolytic  condition  of  any  cable  system, 
all  available  information  as  to  its  extent  and  the  charac- 
teristics of  its  coiislmclion  should  be  studied.  Available 
maps  of  the  system  should  be  procured  and  any  special  in- 
formation of  importance  in  connection  with  an  electrolysis 
survey  not  noted  on  the  niai)S,  such  as  the  metals  used  for  the 
armor  or  sheathing  of  cables,  the  location  of  drainage  connec- 
tions, insulating  joints  and  other  i>rolectivc  devices,  the  relative 
locaiinns  of  other  cable  systems  and  of  piping  systems,  the 
location  of  the  electric  railway  tracks  and  return  circuits,  etc., 
should  either  be  recorded  by  annotation  upon  them  or 
arraTi;;cd  in  some  convenient  fonn  for  reference. 

The  observations  which  should  systematically  be  taken  in 
examining  the  cable  system  are  as  follows: 

1.  Differencejof  potential  between  the  cable  system  and 
electric  railway^jrails,  other  cable  systems,  piping  systems. 
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metal  bridges,  steam  railway  rails,  etc.,  at  points  where 
these  cross  the  cable  system  or  come  in  close  proximity 
to  it. 

2.  Difference  of  potential  between  points  on  the  cable 
system  and  the  adjacent  earth. 

3.  Difference   of  potential  between  cables  in   the  same 
subway  system  where  they  are  not  cross  bonded. 

4.  Current  flowing  upon  the  cables. 

In  making  surveys  the  potential  of  the  cable  with  respect  to 
the  adjacent  earth  should  always  be  determined  at  each  test- 
ing point.  In  original  surveys  the  greatest  practicable  nimiber 
of  testing  points  should  be  utilized.  In  some  systems  it  will 
be  desirable  to  test  at  every  manhole,  but  in  extensive  networks 
of  power  cables  it  will  ordinarily  be  sufficient  to  test  at  less 
frequent  intervals  in  many  districts,  if  tests  are  made  at  shorter 
intervals  in  the  most  important  places.  The  potential  difference 
between  the  cable  and  rails  in  the  same  street  should  also  be 
determined,  but  in  cases  where  the  street  railway  rails  parallel 
the  cable  route  for  a  considerable  distance,  such  tests  may  be 
made  less  frequently.  If  pipes  or  other  earthed  metallic  struc- 
tures run  close  to  the  cable  system  at  the  point  of  testing,  it  is 
desirable  that  the  potential  difference  between  the  cable  system 
and  the  other  structure  be  determined,  provided  an  electrical 
connection  can  be  made,  e.g.,  through  a  hydrant,  etc. 

Tests  to  determine  the  direction  and  amount  of  stray  current 
flowing  on  the  cable  sheaths  should  be  made  at  appropriate 
intervals.  In  fairly  simple  cable  systems,  with  few  laterals, 
it  may  be  sufficient  to  make  these  tests  at  comparatively  infre- 
quent intervals,  such  as  every  fifth  manhole.  In  complicated 
networks,  however,  such  as  power  distribution  systems  with 
many  branches  and  service  connections,  it  will  generally  be 
desirable  to  test  more  frequently.  The  current  flowing  on  the 
cable  sheath  is  to  be  calculated  from  the  observed  fall  of  potential 
over  a  measured  length  of  sheath,  and  the  known  resistance  of 
this  length  of  sheath.  A  table  for  determining  current  on  lead 
cable  sheaths  from  voltage  drop  in  measured  length  of  sheath  is 
appended.     (See  Table  11.) 

In  the  course  of  the  survey,  measurements  should  also  be 
made  of  the  current  flowing  in  any  drainage  connections  or  in 
any  accidental  connections  which  connect  the  cable  system  with 
the  electric  railway  return  if  any  such  exist.  In  case  insulating 
joints  have  been  inserted  to  protect  any  parts  of  the  cable 
system  from  electrolytic   corrosion,   measurements   of   the   po- 
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tential  difference  belween  cable  sheath  and  earth  sliould  be 
made  at  each  side  of  the  insulalinp  joint,  and  also  of  the  dif- 
ference in  potential  across  the  joint. 

In  a  preliminary  study  it  should  be  ascertained  whether 
it  is  the  local  practice  to  insulate  from  the  main  cable  system 
those  branches  which  enter  buildings.  When  such  branches  are 
not  insulated  from  the  main  system ,  tests  of  difference  of  potential 
should  be  made,  between  the  branch  cable  and  any  pipes  or  other 
cables  which  may  enter  the  same  building.  From  such  tests 
it  may  be  ascertained  whether  there  are  accidental  contacts 
between  the  cable  system  and  other  earthed  .structures  within 
buildings,  and  if  any  such  are  found  in  a  iJurtion  of  the 
total  number  of  installations,  a  conclusion  can  then  be 
reached  as  to  the  desirability  of  checking  the  conditions 
in  all  buidlings  entered.  In  localities  where  it  is  the  practice 
to  insulate  from  the  main  system  cable  branches  entering 
buildings,  the  possibility  of  defective  insulation  should  be 
checked  by  mea-siiring  the  potential  difference  between  cable 
inside  of  the  building  and  cable  outside  at  some  point  beyond 
the  supposed  location  of  any  insulating  joint.  Tests  for  diiler- 
ences  of  potential  between  the  branch  cable  and  other  metal 
structures  within  a  building  can  be  omitted  in  case  the  insulating 
joint  is  found  to  be  in  good  condition. 

The  condition  of  the  bonds  installed  to  equalize  the  potential 
of  the  cables  entering  such  manhole  should  be  observed  and 
noted.  If  bonds  are  lacking,  or  if  it  is  suspected  that  the  con- 
dition of  any  bond  is  faulty,  observations  of  the  difference  of 
potential    between    the   cables   should   !ie   taken   and   recorded, 

31.  Bridges,     Buildings    and     Other    Earthed     Structures. 

Through  the  study  of  maps,  etc.,  collected  as  preparatory 
data  for  surveys  of  pii>ing  and  cable  systems,  informa- 
tion will  presumably  have  been  .secured  concerning  the  locations, 
and  some,  at  least,  of  the  structural  characteristics,  of  the 
Iiighway  and  railway  bridges  located  within  the  area  to  be 
studied.  The  locations  of  steam  railway  tracks  will  similarly 
have  been  obtained. 

In  making  electrolysis  surveys  of  bridges,  measurements  of 
potential  to  earth  should  be  made  at  each  end  of  the  metal 
structure.  In  case  the  bridges  are  crossed  by  electric  railway 
tracks,  |)iping  systems  or  cable  systems,  measurements  should 
also  be  made  from  the  metalwork  of  the  bridge  to  these  struc- 
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tures  to  determine  whether  there  is  any  difference  in  potential 
between  them.  Where  the  metalwork  of  the  bridge  structure, 
piers,  or  other  intermediate  supports  makes  contact  with  earth 
or  with  water,  measurements  of  potential  difference  to  earth 
or  to  water  also  should  be  made.  The  observer  should  follow 
up  closely  any  indication  of  poor  electrical  contact  between 
different  sections  of  the  metalwork  of  the  bridge,  or  between 
the  metalwork  and  any  other  of  the  earthed  structures  crossing 
the  bridge  which  are  supposed  to  be  in  good  electrical  contact 
with  the  metalwork. 

In  the  course  of  the  survey,  metal  frame  buildings  may  be  found 
in  locations  where  it  would  be  possible  for  them  to  collect  appreci- 
able amounts  of  current,  either  directly  through  the  earth  or 
indirectly  through  the  contact  of  rails,  pipes,  or  cables  with 
the  framework.  If  it  appears  that  such  contacts  exist,  measure- 
ments by  the  fall  of  potential  method  should  be  made  to  ascer- 
tain whether  appreciable  currents  are  flowing  into  the  building 
through  these  contacts,  if  this  is  found  to  be  the  case  tests  should 
be  made  at  a  number  of  points  from  the  building  structure  to 
ground  for  the  purpose  of  determining  where  the  current  leaves 
the  framework  and  whether  there  is  any  indication  that  ap- 
preciable damage  is  being  done.  In  the  case  of  buildings 
extending  over  a  considerable  area  it  is  desirable  that  measure- 
ments of  potentials  be  made  from  the  framework  to  earth  at 
a  number  of  points,  even  in  case  no  contacts  are  found  between 
the  metal  framework  of  the  building  and  other  metal  structures 
which  may  be  carrying  stray  currents. 

32.  Steam  Railway  Rails.  Steam  railway  rails,  either  through 
direct  contact  with  electric  railway  rails  or,  in  the  absence  of  an 
insulating  ballast,  through  contact  with  earth,  are  liable  at 
times  to  collect  and  discharge  appreciable  amounts  of  stray 
current,  and  this  may  occur  in  such  a  manner  as  to  be  detri- 
mental to  the  track  rails,  spikes  and  adjacent  earthed  structures. 
Because  of  this,  as  has  already  been  indicated,  measurements  of 
potential  to  steam  railway  rails  should  be  made  whenever  the 
structures  that  are  being  surveyed  are  in  close  proximity  to  steam 
railway  tracks,  and  it  is  also  desirable  to  determine  directly  by 
survey  the  condition  of  metal  steam  railway  bridges  as  well  as 
the  condition  of  metal  highway  bridges.  When  steam  railways 
are  equipped  for  electric  block  signaling  the  signal  battery  will 
\tTect  the  potential  of  the  rails.    The  potential  due  to  the  signal- 
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ing  connection  is,  however,  practically  uniform  in  value  and  can 
be  determined  through  observations  made  at  times  when  no 
stray  current  can  be  flowing.  With  this  potential  fixed,  a  con- 
clusion as  to  the  presence  and  amount  of  any  potential  can 
readily  be  reacheJ. 

33.  General  Survey  Practices.  All  measurements,  excepting 
24-hour  records,  should  lie  made  during  the  period  of  nomiaJ 
load  on  Ihe  porlJonfi  of  the  railway  system  which  are  suspected 
of  being  the  sources  of  stray  currents.  In  general,  il  is  desirable 
to  express  the  results  of  short  time  measurements  in  terms  of 
"average  day  load"  on  the  railway  system.  In  locaUties  distant 
from  the  source  of  railway  jiower  supply,  the  foregoing  consid- 
erations make  it  necessary  to  take  into  account  the  presence 
or  absence  of  moving  cars  at  points  beyond  the  testing  station, 
es];ecially  on  the  tracks  nearest  to  the  structure  which  is  being 
tested.  In  such  localities  the  duration  of  a  test  should  be  ex- 
tended to  include  at  least  one  complete  cycle  of  car  movement, 
unless  previous  experience  at  other  testing  jxiints  in  the  immediate 
neighborhood  have  clearly  indicated  that  parts  of  the  cycle 
may  .safely  be  neglected.  As  the  railway  lines  converge  toward 
a  common  center,  or  as  the  source  of  railway  power  supply- 
is  approached,  the  probability  of  normal  load  condition  increases 
but  even  under  these  conditions  it  is  necessary  for  the  tester  to 
insure  thai  the  railway  load  conditions  are  substantially  normal, 
when  measurements  are  being  made. 

At  a  number  of  points  observations  of  potential  differences 
anil  of  current  flowing  along  the  structure  should  also  be  made 
with  24-hour  recording  instruments  and  the  characteristics  of 
these  currents  and  potentials  compared  with  the  characteristics 
of  railway  load  curves.  This  will  serve  to  indicate  whether 
the  current  ami  the  potential  are  identified  with  the  railway 
source.  The  24-hour  averages  for  currents  and  potentials 
obtaineil  at  these  points  of  measurement  will  also  be  of  use  in 
indicating  what  allowances  should  be  made  in  the  readings 
taken  systematically  at  all  points  of  the  system  in  order  to 
make  them  represent  the  average  day  conditions. 

During  observations  of  potential  or  current  the  movements 
of  the  needle  in  the  measuring  instrument  should  be  closely 
watched  so  that  the  maximum  and  minimum  readings  may  both 
be  obtained  as  well  as  any  change  in  the  polarity  of  the  potential 
or  in  the  direction  of  the  current.     The  observer  should  also  bear 
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in  mind  that  collected  results  of  the  individual  tests  will  be 
plotted  on  a  map  or  otherwise  compared  so  as  lo  get  a 
general  idea  of  the  conditions  prevailing.  When,  therefore, 
there  is  reason  to  believe  that  the  recorded  maxima  and  minima 
are  abnormal,  notes  should  be  made  giving  the  reasons  for  such 
a  belief  and  indicating  the  value  which  is  thought  to  be 
more  nearly  comparable  with  the  values  obtained  at  other 
points. 

In  regular  field  survey  work  portable  measuring  instruments, 
will  be  found  most  suitable  for  the  great  majority  of  the  measure- 
ments to  be  taken.  Occasionally,  however,  conditions  will 
arise  under  which  it  is  desired  to  observe  the  potential  or  the 
current  at  some  particular  point  for  several  hours  and  even 
for  one  or  more  24-hour  cycles.  In  the  case  of  such  long  period 
observations  recording  voltmeters,  millivolt  meters  and  am- 
meters will  be  foutui  of  great  assistance  and  should  be  employed 
if  available.  Instruments  of  this  kind  are  described  in  the 
apparatus  section.     (Sec.  ^^5-39.) 

When  ])odics  of  water  or  areas  of  swampy  earih  cross  or  are 
located  in  close  proximity  to  earthed  structures,  stray  current 
may  flow  from  tlie  structure  to  earth  locally.  This  is  par- 
ticularly tnie  if  the  water  is  brackish  or  salty.  In  case  such 
relatively  high  conductive  .sections  of  the  earth  afford  a  i)ath 
of  lower  resistance  for  tlie  return  of  current  than  the  structure 
itself,  the  probability  of  a  large  flow  of  current  to  earth  is 
considerable.  The   flow   of   ciuTcnt    from  the  earthed  struc- 

ture is  not  neces.sarily  stopped  when  such  highly  conductive 
strata  have  been  hidden  l)y  building  over  them  or  by 
filling  in  with  surface  soil.  It  is,  in  consequence,  neces- 
sary to  o]>ser\'e  closelx'  the  ])h\'sical  geography  of  the 
areas  cox'cred  by  the  survey  and  unless  the  obser\'er  is  ])er- 
sonallv     familiar    with     the    hisiorv    of    the    localitv    and    the 
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quenl  surveys  when  sutficient  experience  has  been  gained  Ict 
indicate  that  greater  distance  between  points  of  observalioa 
is  safe. 

When  the  electric  railways  in  the  area  under  investigation' 
receive  current  from  two  or  more  sources  of  supply  and  there 
are  indications  that  electrolytic  damage  is  occurring  at  any 
point  upon  the  earthed  structures  investigated,  it  may  become 
necessarj-  lo  ascertain  the  origin  of  the  current  causing  the 
injury.  The  preliminary  study  of  the  electric  railway  system 
or  systemB  will  have  included  the  detailed  methods  for  distri- 
buting power,  whether  ihe  trolley  systems  are  interconnected 
or  di\-ided  into  insulated  sections  and  whether  or  not  all  of  the 
rails  are  interconnected  at  junctions,  etc..  as  well  as  the  methods 
of  bonding  and  cross-bonding.  If  the  trolley  is  supplied  from' 
several  sources  in  parallel,  the  effect  of  any  one  of  these  upon 
the  distribution  of  stray  currents  may  most  easily  be  studied  in 
connection  with  the  starting  or  shutting  down  of  that  particular 
source.  When  substations  are  ojieratcd  only  during  part  of  the 
day,  tests  may  be  arranged  to  lake  advantage  of  this.  When 
the  substations  are  continually  in  operation,  resort  may  be  had 
to  the  method  of  sinniUaneously  observing  the  load  indicated  b\- 
the  station  instruments,  and  the  quantities  to  be  measured  on 
the  structure  being  surveyed.  Recording  instruments  are  often 
useful  for  this  purpose. 

When  tiie  sources  of  power  are  not  supplying  the  trolley 
in  jjarallcl  but  are  confined  to  certain  definite  districts,  a  close 
studj-  of  the  railway  schedule  should  be  made  as  it  will  fre- 
quently be  possible  to  select  some  set  of  conditions  where  the 
current  at  points  of  observation  must  be  coming  almost  wholly 
from  one  of  the  sources  on  account  of  the  relative  positions 
of  cars,  etc.  Where  two  elecmc  railways  operate  independently 
wilhoui  cohnection  between  their  trolleys  but  with  inter- 
sections or  junctions  between  their  tracks,  the  situation  is 
similar  to  that  just  described  where  the  railway  trolley  is  divided 
into  insulated  sections  and  the  same  methods  of  investigation 
can  be  followed.  Where  there  is  no  connection  between  either 
trolleys  or  tracks  of  two  independently  operated  electric  rail- 
ways this  same  method  should  also  be  followed,  i.e.,  of  ob- 
serving stray  current,  conditions  when  one  road  is  using  con- 
siderable current  in  the  immediate  neighborhood  and  the  other 
road  is  using  little  or  none  and  comparing  the  observations 
with  those  obtained  when  l)oth  roads  are  using  normal  amounts 
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of  current  in  the  neighborhood.  It  is  to  be  noted  that  when 
two  railways  are  without  any  electrical  interconnections  be- 
tween either  trolleys  or  tracks,  the  track  return  of  either  may 
carry  stray  current  from  the  other  railway  and  if  the  track 
return  is  of  high  conductivity  it  may  assist  materially  in  pro- 
ducing adverse  electrolytic  conditions  on  other  earthed  struc- 
tures particularly  in  cases  where  it  provides  a  short  route 
between  two  points  between  which  considerable  potential  dif- 
ference exists. 

The  earth  ammeter,  previously  referred  to,  may  occasionally 
be  found  useful  in  checking  up  conditions  indicated  in  the 
systematic  survey  observations.  The  construction  of  the  de- 
vice is  described  in  the  apparatus  sections.  If  care  is  taken 
to  have  the  plates  placed  perpendicular  to  the  direction  of  cur- 
rent flow,  the  current  density  at  the  point  of  measurement 
may  be  indicated  by  the  current  flowing  through  the  instru- 
ment. If  necessary,  the  lines  of  current  flow  may  be  deter- 
mined by  voltage  readings  between  test  electrodes  before 
burying  the  instrument. 

The  greatest  care  should  be  taken  in  placing  the  instrument 
to  avoid  unnecessary  disturbance  of  the  soil,  in  order  that  the 
flow  lines  may  follow,  as  nearly  as  possible,  their  normal  direc- 
tions. 

Whenever  excavations  or  other  exposures  of  pipe  surfaces 
make  it  possible,  measurements  of  the  resistance  of  pipe  joints 
should  be  made.  Where  the  joints  are  of  moderate  resistance, 
that  is,  not  so  high  as  to  prevent  current  flow  upon  the  pipes, 
this  measurement  may  be  made  by  simultaneous  observations 
of  the  fall  of  potential  across  the  joint,  and  along  a  measured 
length  of  the  pipe;  the  pipe  joint  resistance  may  then  be  expressed 
as  equivalent  length  of  pipe,  or,  by  reference  to  tables,  in  ohms. 
These  measurements  are  of  importance  in  indicating  the  char- 
acteristics of  the  pipe  line  as  an  electrical  conductor,  in  estimating 
the  probability  of  corrosion  at  joints  due  to  shunting,  etc. 

Wherever  the  surfaces  of  the  earthed  structures  under  in- 
vestigation are  exposed  during  the  course  of  the  tests,  their 
conditions  should  be  noted.  The  pitting  of  the  metal  surfaces 
or  the  presence  upon  them  of  rust  or  other  oxidation  products, 
or  an  obvious  reduction  in  the  thickness  of  the  metal  or  any 
other  evidence  that  corrosion  has  taken  place,  is  not  of 
itself  direct  .  evidence  that  electrolytic  corrosion  has  oc- 
curred.    Corrosion  from  any  cause  whatever  would  be  expected 
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lo  reduce  ihe  ihickncKS  of  Ihe  metal,  and  tlie  rate  at  which  such 
corrosion  occurred  and  its  possibilities  in  the  way  of  irreBUlarily 
of  attack  on  difTerent  jiortions  of  the  surface,  would  determine 
the  occurrence  of  pitting.  Many  of  the  products  of  corrosion 
which  wiil  be  encountered  can  also  be  produced  through  purely 
chemical  reactions,  as  well  as  by  electrolysis.  When  the  meas- 
urements made  in  the  survey  demonstrate  that  current  is  flow- 
ing from  structure  to  the  earth  at  the  point  where  corrosion  is 
obser\-ed.  conclusions  can  be  drawn  as  to  the  causative  relation 
between  the  presence  of  ^traj-  current  and  the  evidences  of  cor- 
rosion. Whatever  the  conditions  found  in  the  survey  readings, 
the  condition  of  obviously  corroded  metal  surfaces  should  always 
be  carefully  noted,  as  it  is,  of  course,  always  possible  that  at  some 
past  time  stray  ctjrrent  has  been  flowing  from  the  surfaces  to 
earth,  or  that  some  local  condition  has  been  favorable  lo  the 
"self-corrosion"  of  the  structure.  Points  where  substantial 
corrosion  of  the  structures  under  investigation  is  found,  are 
always  to  be  regarded  as  good  locations  for  taking  the  samples 
of  soil  referred  to  in  the  following;  jjaragraph. 

It  is  often  desirable  to  gather  data  relative  lo  the  electrical 
and  chemiciJ  characl eristics  of  the  soils  in  the  area  studied.  As 
dilTerent  t yjies  of  soil  are  encountered  in  the  course  of  the  sur\-ey 
either  in  the  making  of  excavations  or  through  the  observation 
of  chanjjes  in  surface  conditions,  samples  should  then  be  taken 
and  their  electrical  conductivities  detennined.  It  is  often 
desirable  also  lo  make  chemical  analysis  of  a  number  of  samples 
of  ground  waters  and  of  tlie  walcr-soluble  portion  of  soil  samples 
secured  for  conductivity  tests. 

34.  Application   of    Remedial    Measures — Re-surveys.     The 

survey  methods  described  in  the  previous  paragraphs  include 
practically  all  of  the  work  wliich  would  be  done  in  an  extensive 
original  survey.  tJiat  is,  in  a  district  where  no  work  had  been 
dune  previously.  While  this  [jroblem  in  all  of  its  aspects  has 
been  investigated  in  only  a  few  American  communities,  it  will 
be  found  that  more  or  less  complete  surveys  have  been  made  in 
almost  any  area  traversed  by  electric  railways. 

The  test  methods  described  are  not  all  of  equal  value  for  all 
problems:  their  application  depends  upon  the  particular  prob- 
lem under  consideration.  Further,  many  of  the  tests  require 
considerable  experience  and  teclinical  skill  in  application,  to 
avoid    erroneous    and    misleading    results.      For    these    reasons. 
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extensive  surveys  should  only  be  undertaken  by  experienced 
investij^ators. 

Following  the  completion  of  the  original  survey,  a  decision 
will  be  reached  as  to  whether  measures  for  mitigating  electro- 
lytic corrosion  are  necessary,  and  if  so,  what  methods  are  to  be 
applied.  Conclusions  as  to  the  effectiveness  of  any  protective 
measures  should  be  based  upon  repetitions  of  the  test  made  in 
the  orginal  survey.  The  amount  of  repetition  necessary  will 
depend  upon  the  character  of  the  protective  measures  adopted. 
Thus,  general  improvements  in  railway  return  circuits  will 
ordinarily  require  a  complete  re-survey  of  the  affected  area. 
The  instaMation  of  an  insulating  joint  between  the  main  line 
structure  and  a  branch  should,  on  the  other  hand,  require  little 
more  than  tests  over  short  sections  either  side  of  the  joint,  to 
determine  that  the  current  flowing  has  been  reduced  and  that 
no  objectionable  corrosive  conditions  have  been  introduced  at 
the  joint  itself. 

If  railway  return  circuits  are  being  changed,  some  observa- 
tions of  overall  potentials  and  potential  gradients  will  naturally 
be  made  during  the  course  of  reconstruction,  to  check  the  design 
upon  which  the  work  has  been  based.  Observations  should  be 
made  before  installing  drainage  systems  for  cables,  if  necessary 
using  available  conductors  temporarily  to  connect  the  cable 
sheath  and  the  railway  bus-bar  or  some  other  suitable  point 
on  the  railway  return,  and  the  effect  of  drawing  current  from 
the  cable  system  observed.  The  installation  of  such  protective 
measures  as  insulating  joints  or  insulating  coverings  should  be 
carefully  supervised  as  much  depends  upon  the  thoroughness 
with  which  the  work  is  done. 

In  re-surveys  after  the  installation  of  protective  measures, 
the  character  of  the  underground  structure  will  make  it  necessary 
to  pay  special  attention  to  some  particular  class  of  observations. 
With  piping  systems  and  power  distributing  cable  systems 
si)ecial  attention  should  be  given  to  the  amount  of  stray  cur- 
rent flowing  on  the  structures,  since  a  principal  object  of  the 
remedial  measures  will  have  been  a  reduction  in  this  current. 
When  insulating  joints  have  been  installed  tests  of  potential 
to  earth  from  each  side  of  the  joint  are  required  to  make  sure 
that  the  local  flow  of  current  to  earth  has  not  risen  to  an  amount 
which  will  endanger  the  structure.  Tests  of  stray  current  in  the 
system  on  either  side  of  the  joint  are  also  required  to  determine 
that  the  effect  desired  from  its  installation  has  been  obtained. 
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vVhen  drainage  connections  are  attached  to  cable  systems,  tests 
of  potential  to  earth  must  be  made  tlirou^hout  the  area  affected. 
The  connection  should  make  the  cable  negative  to  earth  at  all 
points,  but  only  by  slight  amounts  at  or  near  the  point  of  its 
attachment,  as  otherwise  the  cable  vv-ill  carr>-  more  stray  current 
than  is  needed  for  its  protection,  and  it  becomes  a  source  of 
danger  to  other  undrained  structures. 

Where  insulating  joints  or  other  protective  measures  are  applied 
to  structures  buried  in  the  earth,  care  should  be  taken  to  attach 
testing  leads  to  be  used  in  future  surveys.  Such  connections 
will  be  of  the  same  general  type  as  the  current  measuring  leads 
for  pipes  (See  Fig.  1.}. 

Electrolysis  surveys  should  be  repeated  at  suitable  tnten-als. 
In  case  the  original  survey  did  not  disclose  conditions  requiring 
the  application  of  remedial  measures,  it  is  still  necessary  to  make 
sure  that  adverse  conditions  have  not  since  arisen.  Where 
protective  measures  have  been  applied,  surveys  are  needed  to 
make  sure  that  the  remedies  remain  effective  and  adequate. 
The  inte^^■al  between  surveys  will  depend  upon  the  importance 
of  the  structure  and  upon  the  time  required  to  produce  appre- 
ciable damafie  in  case  a  substantial  change  in  stray  current 
conditions  occurred.  The  results  of  all  such  surveys  should 
always  be  compared  with  those  of  previous  surveys  to  ascertain 
whether  changes  in  stray  current  conditions  are  taking  place. 
When  any  substantial  changes  or  additions  are  made  in  the 
electric  railway  plant,  surveys  of  the  earthed  structures  liable 
to  be  affected  by  the  new  conditions  should  promptly  be  made. 

B:  APPARATUS. 

In  this  section  (lescrii)tions  are  given  of  the  apparatus  and  tools 
which  ;ire  essentially  special  for  electrolysis  work.  The  tools 
ordinarily  used  for  handlinj;  wires  and  making  good  contacts 
in  eJecirical  work  will  also  be  needed  but  no  special  description 
or  listing  of  them  seems  lo  be  necessary  in  this  place. 

36.  Portable  Measuring  Instruments,  The  portable  measur- 
ing iiisirmnenls  required  in  electrolysis  survey  work  include 
voUmcters.  millivohmciers  and  ammeters.  Separate  instru- 
ments of  each  kind  can.  of  course,  be  carried  but  it  will  usually 
be  found  more  convenient  to  employ  the  special  portable  in stru-  ■ 
menls  which   ha\-e  been  designed  particularly  for  this  work. 
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Two  such  instruments  which  the  Weston  Electrical  Instrument 
Company  manufacture  for  this  class  of  work  are  as  follows: 

Model  1,  combination  millivoltmeter  and  voltmeter,  has 
its  zero  in  the  center  of  the  scale  and  reads  in  both  direc- 
tions. Ranges  of  5,  50  and  500  millivolts  and  of  5  and  50 
volts  are  convenient.  It  is  made  with  a  specially  high  resis- 
tance of  from  500  to  600  ohms  per  volt  so  that  the  5  milli- 
volt range  has  a  resistance  of  about  3  ohms.  These  high 
resistances  increase  the  accuracy  of  measurements  and  par- 
ticularly minimize  errors  due  to  resistances  of  leads  or 
contacts.  Ordinary  switchboard  shunts  provided  with 
binding  posts  and  adjusted  for  50  millivolts  may  be  used  to 
make  this  instrument  serve  as  an  ammeter.  Convenient 
ranges  for  these  shunts  in  electrolysis  work  are,  5,  50  and 
500  amperes. 

Model  56.  combination  volt-ammeter,  has  its  zero  in  the 
center  of  the  scale  and  reads  in  both  directions.  Ranges 
of  10,  50  and  500  millivolts,  5  and  50  volts  and  100  amperes 
are  convenient. 

The  center  scale  feature  referred  to  in  the  description  of  these 
instruments  is  an  important  one  in  electrolysis  work,  as  it  is  not 
always  possible  to  determine  in  advance  the  direction  of  current 
or  potential,  and  readings  may  also  vary  from  positive  to  nega- 
tive values  during  the  making  of  observations  at  many  testing 
points.  When  simultaneous  readings  have  to  be  taken  at  two 
or  more  testing  points  it  is  important  to  use  similar  instruments 
at  all  points.  If  dissimilar  instruments  are  used  their  periods 
of  vibration  may  differ  and  with  the  fluctuating  voltages  and 
currents  encountered  in  much  of  this  work  accurate  simultaneous 
measurements  cannot  be  made  unless  the  instruments  used  have 
the  same  periods  of  vibration. 

36.  Recording  Instpuments.  Recording  measuring  instru- 
ments are  usually  arranged  to  give  24-hour  records  without 
change  of  chart.  By  using  a  sensitive  millivoltmeter  in  the 
recording  instrument  and  providing  it  with  a  number  of  voltage 
ranges  as  well  as  with  suitable  shunts,  a  single  instrument  can  be 
made  available  for  taking  all  of  the  voltage  and  current  readings 
required  in  electrolysis  work.  The  original  type  of  Bristol 
recording  instruments  make  their  records  upon  a  smoked  chart 
which  has  to  be  treated  subsequently  with  a  fixative  supplied 
with  the  instrument  in  case  it  is  desired  to  preserve  the  record. 
The  Bristol  instruments  are  regularly  made  with  a  clock 
supplied  with  a  changing  lever  so  that  the  disc  can  be  made  to 
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rotate  either  in  one  hciur  or  twenty-four  hours.  Both  the  Bristol 
Company  and  the  Estcriine  Company  have  recording  instruments 
which  gi\-e  an  ink  record  on  a  paper  strip.  In  either  type  of 
instrument  center  scale  zeros  should  be  called  for  so  that  varia- 
tions between  positive  and  negative  values  will  be  recorded  on 
the  chart. 

37.  Normal   Electrode.     The    Haber   noTm:il   electrode    also 

called  nan-polarizablt:  elccLrnde  consists  of  ;i  rod  uf  zinc  which 
is  enveloped  in  a  wet  fiaste  of  zinc  sulphate  contained  in  a  glass 
tube  which  has  had  cemented  to  it  at  the  bottom  a  porous  clay 
cell.  The  other  end  of  the  tube  is  closed  with  a  stopper  from 
which  the  zinc  rod  is  supported  an  insulaied  wire  is  led  from  the 
end  of  the  zinc  rod  through  this  stopper  to  the  upper  end  of  a 
wooden  rod  which  also  enters  the  stopper  and  serves  for  the 
puipose  of  handling  the  electrode.  A  capillary  tube  is  also  run 
lhrou[;h  the  stopper  in  order  to  have  the  interior  of  the  tube  at 
normal  atmospheric  pressure.  The  zinc  sulphate  paste  is  made 
by  adding  saturated  zinc  sulphate  solution  to  fine  zinc  sulphate 
crystals  until  the  mixture  has  attained  a  semi-fluid  condition 
A  skclch  showing  details  of  construction  for  this  device  is 
sliowii  on  the  opposite  page.     (See  Fig.  2.) 

38.  Earth  Ammeter.  The  Haber  earth  ammeter  consists  of 
two  thin  copper  sheets  laid  one  upon  the  other  with  a  thin  sheet 
of  mica  or  other  non-absorbent  insulating  material  between  them. 
These  two  plates  are  gripped  in  a  hard  ntbber  rim  which  forms 
part  of  a  square  wooden  frame.  A  paste  made  by  mixing  pow- 
dered copjier  sul]>]iate  crystals  with  a  20%  aqueous  solution  of 
sulphuric  acid  is  spread  over  the  exterior  surfaces  of  each  of  the 
two  sheets  of  cojjiier,  the  paste  being  enclosed  on  each  exterior 
surface  by  a  co\<.ring  of  parchment  paper  or  some  similar  tough 
permeable  membrane.  Insulated  wire  leads  of  suitable  length 
are  run  from  each  plale  through  the  frame  to  connect  with  the 
measuring  instrument.  The  opening  in  the  frame  may  conven- 
iently be  square.  Four  inches  is  a  convenient  dimension  for  the 
sides  of  this  square  opening  as  this  will  yield  an  area  of  one-ninth 
of  a  square  fool  which  is  approximately  equivalent  to  a  square 
decimeter.  The  detailed  construction  of  the  instrument  is 
shown  in  an  attached  sketch.  (See  Fig.  3.)  When  using 
the  instrument,  the  spaces  between  the  parchment  paper 
and  the  outer  edges  of  the  wooden  frame  are  first  filled  with 
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closely  packed  soil  taken  from  the  spot  where  it  is  intended  to 
make  the  measurement  and  the  frame  is  then  placed  in  a  position 
perpendicular  to  the  flow  of  current  which  it  is  desired  to  measure 
and  completely  buried  in  earth  removed  in  the  course  of  making 
the  excavation  to  reach  the  structure  whose  condition  is  to  be 
determined.  A  suitable  low  resistance  milliammeter  can  then 
be  connected  to  the  two  terminal  wires  and  observations  of  the 
current  flowing  made. 

39.  Testing  Electrodes.  The  details  of  metal  tipped  testing 
electrodes  for  use  in  readings  of  potential  to  earth  are  given  in 
an  attached  sketch.  (See  Fig.  4.)  Two  of  these  testing 
rod€  may  be  conveniently  carried  at  all  times;  one  of  the  two 
should  have  as  its  testing  tip  a  piece  of  the  same  metal  as  that 
contained  in  the  structure  whose  potential  to  earth  is  to  be  tested, 
the  other  should  be  provided  with  a  steel  tip  so  that  contact  may 
be  maintained  from  a  distance  with  any  pipe  or  cable  which  is 
below  the  surface  of  the  ground.  The  metal  on  the  tips  of  these 
rods  should  always  be  kept  clean  and  bright  and  care  should  also 
be  taken  to  remove  rust  and  other  products  of  corrosion  from  the 
points  on  the  surface  of  the  structure  to  be  tested  against  which 
the  steel  tip  presses  so  that  a  clean,  bright  surface  will  be  available 
for  the  contact. 

C:  RECORDS  AND  REPORTS. 

40.  General.  Much  detailed  information  is  necessarily  gathered 
in  the  course  of  an  electrolysis  stu^ey.  It  is  desirable  to  prepare 
in  advance  of  the  work  for  the  convenient  recording  of  these  data 
upon  suitably  arranged  testing  sheets,  which  either  have  upon 
one  line  or  upon  one  sheet,  as  may  be  necessary,  all  of  the  data 
collected  at  any  stated  testing  point  during  a  single  period  of 
observation.  Several  typical  data  sheets  prepared  for  recording 
observations  made  upon  piping  and  cable  systems  are  attached 
hereto  as  suggestive  of  possible  arrangements  for  report  sheets. 
The  data  thus  collected  can  usually  be  best  aranged  for  study 
if  they  are  transferred  to  a  map  showing  the  system  or  systems 
included  in  the  tests,  and  indicated  thereon  either  in  niunerical 
form  or  through  some  graphical  representation.  It  is  desirable 
to  indicate  positive  and  negative  relations  by  making  records 
on  the  maps  in  different  colors. 

Apart  from  the  data  obtained  through  observations  in  the 
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work  of  the  electrolysis  survey  it  will  be  seen  that  the  records 
obtained  relating  to  the  systems  under  observation  should 
include  the  following: 

41.  Electric  Railways. 

1 .  Maps  showing  locations  of  sources  of  power  supply, 
tracks,  and  negative  feeders  and  other  connections  between 
bus-bar  and  track.  Also  locations  of  positive  feeding  connec- 
tions to  trolley  and  of  all  section  insulators  in  trolley. 

2.  Information  as  to  size  of  rails,  methods  of  bonding  and 
standards  of  bond  maintenance. 

3.  Information  as  to  any  direct  ground  connections  ap- 
plied to  the  railway  return  system,  and  any  special  track 
features  which  may  affect  the  flow  of  stray  currents. 

42.  Piping  Systems. 

1.  Maps  showing  all  main  piping  lines  and  branches 
(except  building  connections)  and  sources  of  water,  gas, 
etc.,  from  which  the  piping  systems  are  supplied. 

2.  Information  as  to  sizes  of  pipes  and  metals  of  which 
they  are  composed,  and  details  of  the  standard  methods  of 
joining  main  and  branch  line  pipe  sections. 

3.  Information  as  to  method  of  joining  building  connec- 
tions to  main  supply  pipes  including  metals  used  for  the 
building  connection  pipes  and  the  depth  to  which  such 
connections  are  buried. 

4.  Location  and  description  of  any  protective  devices 
such  as  insulating  joints  or  drainage  connections  which  may 
have  been  made  a  part  of  the  piping  system. 

5.  Information  as  to  methods  of  attachment  and  con- 
struction employed  in  carrying  pipes  over  highway  or  rail- 
way bridges  or  under  water  courses,  swamps,  etc. 

43.  Cable  Systems. 

1 .  Maps  showing  locations  of  all  subway  and  conduit  routes 
and  giWng  number  and  sizes  of  cables  in  place  therein  or 
the  total  cross-section  of  lead  sheaths  expressed  in  equiva- 
lent co])])cr,  also  locations  of  power  stations,  sub-stations  or 
other  centers  from  which  cables  radiate. 

2.  Locations,  route  and  sizes  of  all  drainage  connections 
attached  to  cable  systems,  also  locations  of  all  insulating 
joints  in  cable  systems,  of  any  jumpers  which  may  be  run 
to  establish  a  metallic  circuit  across  an  insulated  gap  in  the 
cable  system  and  of  any  conductors  run  to  reinforce  the 
carrying  capacity  of  the  cable  system  for  stray  currents. 

3.  Information  as  to  methods  of  attachment  and  con- 
struction employed  in  carrying  cables  over  highway  or 
railway  bridges  or  under  water  courses,  swamps,  etc. 
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44.  Bridges  and  Buildings. 

1 .  Locations  of  structures  with  respect  to  electric  railwa3rs. 

2.  Information  as  to  methods  of  construction  employed 
in  carr\'ing  electric  railway,  pipes  and  cables  across  bridges 
and  particularly  as  to  whether  any  of  these  other  structural 
systems  make  electrical  contact  with  the  metal  structure 
of  the  bridge. 

46.  General  Conditions. 

1.  Maps  showing  locations  of  water  courses,  swamps  and 
other  features  tending  to  produce  locally  earth  of  high 
unit  conductivity. 

2.  Records  of  electrical  resistance  of  soil  samples  repre- 
sentative of  the  area. 

3.  Records  of  experience  obtained  in  the  use  of  different 
metals  for  pipes,  etc.,  in  the  soils  of  the  area. 

It  is  desirable  that  in  the  preparation  of  records  and  of  reports, 
consideration  be  given  to  the  necessity  of  their  perpetuation.  All 
records  which  will  be  of  pennanent  value  in  connection  with  the 
continued  study  of  electrolysis  conditions  within  the  area  which 
will  l)e  necessary  in  order  to  make  sure  that  injurious  changes 
in  conditions  do  not  occur,  should  be  prepared  in  a  permanent 
form  capable  of  withstanding  considerable  handling. 
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III.    AMERICAN  PRACTICE. 

There  is  no  standard  practice  in  the  treatment  of  elec- 
trolysis problems  in  America.  In  many  localities  the  exist- 
ence of  such  a  probjem  is  scarcely  recognized;  in  others  the 
problem  has  been  given  much  study,  and  mitigating  systems 
widely  varying  in  character  have  been  installed. 

Much  of  the  information  made  available  to  the  committee 
is  contained  in  confidential  reports  to  which  it  is  not  possible 
to  make  reference,  because  electrolysis  is  the  subject  of  con- 
troversy between  conflicting  interests.  Unfortunately,  also  it 
is  impossible  in  some  cases  even  to  refer  to  places  where  par- 
ticular expedients  have  been  employed,  or  to  state  either  the 
extent  or  the  results  of  such  use.  It  has,  therefore,  been  neces- 
sary in  most  instances  to  make  statements  of  what  is  the  prac- 
tice, without  citing  the  authority  or  naming  the  places  where 
such  practice  may  be  found.  In  compiling  this  report,  there- 
fore, the  committee  has  been  influenced  most  largely  by  those 
instances  of  practice  within  its  knowledge  where  the  greatest 
amount  of  study  has  been  given  to  the  subject,  and  where  the 
results  obtained  seem  best  to  justify  its  use.  The  committee 
has  embodied  in  this  report  only  matters  of  fact  for  which  it 
has  authority. 

A.     MEASURES  APPLIED  TO  RAILWAYS. 

46.  Insulation.  Under  this  sub-heading  have  been  con- 
sidered three  general  measures,  namely:  a.  Complete  Insula- 
tion, which  does  not  involve  the  use  of  the  running  rails  as  a 
portion  of  the  electric  circuit,  b.  Substantial  Insulation,  which 
does  involve  the  use  of  the  running  rails  as  a  portion  of  the 
circuit,  but,  due  to  the  type  of  construction  employed,  to  a 
very  large  extent  prevents  stray  currents,  and  c.  Partial  In- 
sulation, which  comprises  using  such  means  Ieis  are  available 
to  insulate  the  running  rails  of  ordinary  street  railways  in  so  far 
as  practicable. 
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fa)  Coa^lete  InsBlation.  In^iea/l  of  u^ingibcnmiiiiis  trades 
as  pan  of  the  retam  drcuit.  a  separate  insulated  reram  ccm- 
dtictor  U  employed  for  this  ptirpose.  In  thi;  case  the  entire 
electric  circuit  of  the  railway  system  i^  ioaiilateii  from  groqnd, 
and.  there  iieing  no  vohage  drop  in  contact  with  earth,  strar 
currents  are  entirely  prevented.  Compleic  insulation  of  the 
railway  circui;  is  accomplished  in  the  double  underground 
conduit  iroIle\-  system,  by  empiloi-ing  insulaieii  positive  and 
negative  conductors  in  underground  conduits.  This  s^-stem 
is  in  u.'^  on  the  surface  Knes  on  Manhattan  Island  and  in  por- 
tion.v  of  Washington,  D.  C.  This  is  also  accomplbhed  in  the 
double  overhead  iroilei'  s\^tem  by  emplo\-iag  separate  positive 
and  negative  overhead  trolley  wires  insulated  from  ground; 
manj-  years  ago  examples  of  this  system  were  installed  in 
Washington.  D.  C.  and  Cincinnati.  Ohio.  The  practice  irhiie 
effective  in  this  respect  and  in  use  for  a  long  term  of  years  has 
not  spread  to  other  cities  possibly  because  of  the  unsightly  ap- 
pearance of  the  overhead  structures  due  to  the  multiplicity  of 
wires  and  because  of  the  increa.se  in  operating  difficulty  and  ex- 
pense which  it  entailed. 

l\>j  Substantial  Insulation.     Inierurban  and  electrified  steam 

roads  ctnerally  require  the  rails  to  be  supported  on  wooden  ties 
•eT  in  well  drained  broken  stoneorgravelballast.  The  insulation 
afforded  b>'  such  construction  practically  removes  danger  from 
ekc;f)ly-is.  I,eakajje  is  in  some  instances  found  to  be  as  low 
as  .fXKlHi  ampere-  per  rail  per  tie  under  dry  weather  conditions, 
increasing'  lo  .(Ktoo  ampere  when  wet  with  10  volts  between 
the  rail  and  j^round.  On  steel  structures  where  the  ties  are 
only  partially  in  contact  with  ground  and  the  ties  cannot 
become  waterlog;;ed,  this  leakaf^e  is  even  less.  The  substantial 
insulaiion  of  a  ballasted  roadbed  has,  in  some  installations, 
been  rendered  iiiefTeetive  by  bare  negative  cables  in  damp 
earlb  or  bv  metallic  connections  between  the  tracks  and  steel 
supponinj,'  ronstmction.  Conditions  are  found  to  be  very 
favorable  for  rail  insulation  where  the  tracks  are  in  subways 
or  under  cover  protected  from  ihe  weather,  permitting  the 
ballast   and   ties  to  become  i)ermanenl!y  dry, 

(c)  Partial  Insulation,  'i'hc  escape  of  current  from  tracks 
largelv  Imried  is  decreased  by  high  contact  resistances  between 
the  tracks  and  the  surrounding  medium.     The  total  resistance 
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to  flow  of  escaping  current  is  found  to  vary  with  the  earth 
resistance  and  the  contact  resistance  between  earth  and  rail. 
Since  the  earth  resistance  is  usually  low,  the  contact  resistance 
is  generally  found  to  be  the  controlling  factor  in  the  leakage 
path;  hence,  partial  insulation  is  found  effective  in  reducing 
leakage  with  the  low  voltages  commonly  encountered.  On  a 
grounded  trolley  system  in  city  streets  it  has  been  found  bene- 
ficial to  have  the  rails  as  nearly  enclosed  with  insulating  material 
as  possible. 

47.  Reduction  of  Track  Voltage  Drop. 

(a)  Bonding.  The  best  types  of  solid  rail  joints  in  actual  use 
give  the  same  electrical  conductivity  at  the  joint  as  in  any 
other  part  of -the  rail  length.  The  standard  of  good  practice 
in  some  electrified  steam  roads  is  that,  the  resistance  through 
the  rail  joint  shall  be  equivalent  to  that  of  a  20-inch  length  of 
the  rail  adjacent,  and  should  the  resistance  exceed  42  inches, 
that  the  bond  should  be  remade.  With  respect  to  the  practice 
of  bonding  in  street  railway  systems,  it  may  be  said  that  there 
is  no  standard  equivalent  length  of  rail  to  cover  all  conditions, 
but  each  railway  company  establishes  its  own  standard,  de- 
pending on  local  conditions.  The  equivalent  resistance  of  the 
rail  joint  in  terms  of  length  of  rail  will  depend  on  the  length 
and  size  of  the  bond,  the  terminal  contact  resistance  and  the 
conductivity  of  the  rail.  In  large  cities  bonding  to  an  equivalent 
resistance  of  from  three  to  six  feet  of  rail  is  common  practice. 
In  suburban  districts  higher  bond  resistances  are  often  used.  The 
equivalent  resistance  of  rail  joint  which  is  adopted  by  different 
railroads  necessarily  varies  widely  with  the  condition  of  load 
and  class  of  bond  employed.  The  class  of  bond  chosen  is  in  many 
cases  determined  by  mechanical  conditions,  such  as  the  founda- 
tion upon  which  the  track  is  laid. 

Bonds  are  generally  classified  according  to  the  method  of 
fastening  them  to  the  rail.  Soldered  bonds  are  soldered  to 
the  head,  base  or  web  of  the  rail.  Pin  expanded  bonds  have 
holes  drilled  in  their  terminals,  through  which  a  steel  pin  is 
driven  to  expand  the  terminal  into  a  hole  drilled  in  the  rail. 
After  expansion  a  steel  cylindrical  plug  is  driven  in  the  expanded 
hole  to  prevent  contraction.  Brazed  or  welded  bonds  are  attached 
to  therail  by  heat  generated  electrically  or  by  an  oxy-acetylene 
flame  applied  to  the  terminal  of  the  bond.  Compressed  terminal 
bonds  and  compressed  multiple  terminal  bonds  have  their  term- 
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inals  formed  into  a  solid  cylindrical  stud,  or  studs,  and  are 
compressed  in  the  rail  holes  with  scre«-  or  hydraulic  com- 
pressors or  by  haininer  blows,  which  expand  the  studs  in  threaded 
or  beaded  holes  of  the  rail.  A  special  type  of  this  bond  has 
large  contact  surfaces  about  the  terminal,  so  that  the  bonds 
can   be  soldered   and   compressed   to   the  rail. 

The  caiT>-ing  capacity  of  bonds  has  sometimes  been  found 
insufficient  to  keep  their  lemperaiure  nilhin  safe  limits  under 
conditions  of  maximum  load  where  bonds  involving  soldered 
joints  are  used.  The  resistance  of  a  rail  joint  is  found  to  be 
affected  larjjeh'  by  the  contact  resistance  between  the  bond 
terminals  and  the  r&il,  Gooii  contact  and  large  surface  of 
contact  at  the  bond  terminals  are  found  necessary  to  low  joint 
resistance.  Replacement  of  bonds  is  generally  made  necessarj* 
by  depreciation  at  the  contacts,  the  breaking  of  strands  by 
vibration  or  by  mechanical  injuri'. 

There  are  now  in  general  use  several  different  types  of  rail 
joints  which  ren<ler  additional  bonding  unnecessary.  Among 
these  types  of  rail  joints  are  the  following:  Cast  Welded:  The 
rails  are  connected  together  by  pouring  molten  iron  into  a 
niolil  that  surrounds  the  joint,  and  when  the  metal  cools  the 
joint  i.-5  rij^id  and  of  low  electrical  rejji.stanfe.  Thennil  weldixig 
is  another  example  of  this  method,  the  iron  being  liberated  at 
a  white  heat  from  a  mixture  of  iron  oxide  and  aluminum  which 
is  ignited  in  a  crucible.  Electrically  Welded:  Iron  splice  plates 
are  electrically  wcldefi  to  the  rail.  Nichols  Zittc  Joints:  This 
joint  is  made  liv  pouring  molten  zinc  between  the  fish  plates  and 
the  rail  ends.  The  zinc  is  poured  in  after  the  fish  plates  are  bolted 
on,  and  the  cxj)ansion  of  the  zinc  in  solidifying  is  relied  upon 
to  make  a  contact  between  the  fish  plates  and  rail  ends  which 
is  rei>orted  to  be  permanent.  Romapac  Continuous  Rail: 
The  rail  consists  of  two  pieces  which  are  so  laid  that  the  rail 
head  joint  and  the  rail  base  joint  are  staggered,  then  the  rail 
head  is  rolled  or  crinii>ed  on  to  the  rail  ba.se  thus  forming  a 
continuous  electrical  path. 

(b)  Cross-bonds  are  electrical  conductors  for  equalizing  the 
current  flow  in  the  rails.  When  the  roadbed  is  dry  they  are 
usually  installed  bare  in  the  ground.  Insulated  cable  is,  how- 
ever, sometimes  used,  and  the  insulation  is  jirotected  by  a  heavy 
braid  or  circular  loom  tubing. 

The  important  objects  of  cross-bonding  are  to  equalize  the 
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current  flow  between  rails  and  to  insure  continuity  of  the  return 
circuit  in  case  of  a  broken  rail  or  bond  in  any  one  rail.  It  is 
usual  practice  on  suburban  railways  to  place  cross-bonds  at 
intervals  of  1,000  to  2,000  feet  and  at  shorter  spacing,  some- 
times as  low  as  300  feet  on  street  railways.  Cross-bonding 
between  parallel  tracks  is  in  some  cases  installed  with  the 
same  frequency  as  between  the  rails  of  the  single  track;  in 
other  cases  at  less  frequent  intervals. 

In  determining  the  location  of  cross-bonds  in  connection  with 
alternating  current  single  track  signal  circuits,  a  departure  from 
ideal  spacing  becomes  necessary,  owing  to  the  fact  that  cross- 
bonds  are  permissible  only  at  the  reactance  bonds.  The  signal 
reactance  bonds  are  located  between  the  signal  block  sections, 
and  these  sections  are  more  or  less  fixed  for  train  operating 
conditions.  The  general  method  used  under  these  conditions 
is  to  cross-bond  at  all  signal  reactance  bonds  and  install  addi- 
tional cross-bonds  with  reactance  bonds  at  intermediate  loca- 
tions to  obtain  the  most  satisfactory  resistance  conditions  in 
the  sections  fixed  by  the  signal  system. 

The  common  practice  of  electrified  steam  railroads  is  to  use 
cross-bonds  with  a  conductance  equal  to  one  track  rail,  or 
about  1,000,000  circular  mils.  Street  and  interurban  railways 
employ  copper  having  a  cross-section  of  from  200,000  to  500,000 
circular  mils. 

Some  companies  provide  jumpers  at  switches,  frogs  and  at  other 
special  track  work,  to  insure  that  the  electrical  continuity  of 
the  bonded  rail  will  be  maintained.  '  This  is  usually  accom- 
plished by  jumpers  extending  around  the  special  work,  except 
where  broken  rail  signal  protection  is  required,  and  in  such 
cases  the  frogs  are  bonded  in  the  return  current  system.  In 
recent  practice  these  jumpers  are  made  of  insulated  copper 
cables,  except  in  dry  locations,  as,  for  instance,  in  permanently 
drv  rock  ballast,  or  on  elevated  structures  with  wooden  ties 
and  no  ballast,  the  cables  being  kept  clear  of  the  steel  structure. 
The  electrical  leakaj:,'e  from  a  bare  negative  jumper  in  damp 
earth  has  been  known  to  offset  the  effect  of  many  miles  of  most 
careful  track  insulation.  Under  such  conditions  the  bond  is 
gradually  destroyed  by  electrolysis. 

(c)  Conductivity  and  Composition  of  Rails.  The  conductivity 
of  the  track  rails  used  by  several  interurban  and  electrified 
steam  railroads  has  been  found  to  be  equivalent  to  about  1/12 
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tdat  of  copper,  and  (his  figure  ^eneralU'  holds  approximate! v 
true  for  girder  types  of  rails,  except  when  alloy  steel  is  used, 
in  which  case  higher  resistances  are  found.  The  track  r^ls 
are  specified  for  their  mechanical  qualities,  and.  where  these 
interfere  with  the  electrical  requirements,  il  is  customary  to 
giie  the  mechanical  qualities  preference.  The  composition  of 
rails  for  heavy  ser^'ice  used  by  one  of  the  large  electrified  steam 
railroads,  in  percentages,  is  as  follows: 

Carbon 0.62  to  0.7o 

Manganese 0.70  to  1,00 

Silicon 0.10  to  0,20 

Phosphorus, .  not  to  exceed  0.04 
The  American  Electric  Railway  Engineering  Association  has 
adopted  the  following  standard  composition  for  heavy  service 
raOs: 

Class  A  Rails  Class  B  Rails 


i 


Carbon 0.60  to  0.75  0.70  to  0.85 

Manganese O.liO  toO.DO  0.60  to  0.90 

Silicon Not  more  than  0. 20  Not  more  than  0. 20 

Phosphorus Xot  more  than  0.04  Not  more  than  0.04 

d.  Reinforcement  of  Rail  Conductivity.  Earl,\-  track  con- 
struction practice  in  this  country  often  included  bare  wire 
laid  between  the  rails  and  connected  to  each  bond.  Some- 
times one  such  wire  was  used  for  each  rail;  sometimes  one 
for  each  track,  and  soinetiines  one  seired  for  a  double 
track.  The  wires  varied  from  No.  4  to  No.  1,  and  were  either 
of  copper  or  galvanized  iron.  Their  conductivity  was  small 
and  they  were  subject  to  electrolytic  injury  and  frequent  break- 
age. This  construction  has  practically  gone  out  of  use.  It 
is,  however,  common  to  find  the  rails  supplemented  in  the  vi- 
cinity i.f  sujiply  ;;tations  by  large  conductors  connected  in  par- 
allel to  the  raiU.  This  is  not  infrequently  done  by  the  use  of 
biire  caijjjcr  wivG  nr  cable  l)uried  between  rails,  and  hence  in 
full  contact  with  the  earth.  Old  rails,  bolted  and  bonded  to- 
gether and  buried  beneath  or  beside  the  track,  have  also  been 
used  in  some  cases. 

Huried  bare  conductors,  however,  increase  the  contact  area 
between  the  return  circuit  and  the  earth,  and  the  tendency  to 
augment  stray  currents  thus  caused  off  sets,  toagreater  or  lesser 
extent,   ihe  benefits  attained  by  the  reduction  of  drop.     The 
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benefits  to  be  derived,  therefore,  from  an  electrolysis  stand- 
point, may,  if  use  is  made  of  bare  conductors  buried  in  the 
earth,  be  open  to  question.  The  direct  benefits  that  accrue 
from  the  practice  of  reinforcing  the  conductivity  of  the  rail, 
listed  in  what  may  be  considered  their  order  of  importance,  are: 
(1)  Reduction  of  energy  losses;  (2)  The  maintenance  of  a  higher 
average  voltage  at  the  cars,  especially  at  times  of  peak  load,  thus 
resulting  in  improved  car  service  and  car  lighting;  and  (3) 
The  reduction  in  potential  drop  in  the  rails,  thus  reducing  stray 
currents  and,  in  turn,  therefore,  lessening  the  damage  to  the 
extent  that  these  stray  currents  are  reduced,  qualified,  how- 
ever, in  accordance  with  the  statement  previously  made  if 
buried  bare  conductors  are  used. 

Where  conductors  paralleling  the  rails  are  installed  as  an 
electrolysis  mitigation  measiire,  they  are  usually  insulated 
from  earth  by  carrying  them  overhead  or  in  underground 
conduit.  The  practice  varies  as  to  the  method  of  connecting 
such  conductors  to  the  rail;  they  are  sometimes  connected  at 
the  ends  only  but  more  generally  at  intermediate  points  also. 
Where  this  arrangement  is  used  the  track  rails  are  connected 
to  the  negative  bus  at  the  nearest  convenient  point. 

Conductors  are  here  regarded  as  in  parallel  with  the  rails 
when  one  end  is  connected  to  the  track  and  the  other  to  a 
station  bus-bar  which  is  connected  directly  to  the  rail  by  a 
conductor  of  negligible  resistance.  The  use  of  such  conductors 
should  not  be  confused  with  the  "Insulated  Track  Feeder 
System,"  which  has  for  its  prime  object  the  mitigation  of 
electrolysis.     This  is  treated  under  a  subsequent  heading. 

(e.)  Use  of  Additional  Power  Supply  Stations  and  Distri- 
bution of  Load.  The  growth  of  electric  railway  systems  in 
large  cities  has  often  led  to  the  installation  of  additional  power 
stations  or  substations  for  the  more  economical  and  satis- 
factory operation  of  the  railroad.  This  has  also  reduced  the  track 
voltage  drop  and  subdivided  the  areas  over  which  leakage 
from  rail  to  earth  occurs  and  thus  has  had  the  effect  of  reducing 
the  stray  currents. 

The  effect  of  providing  additional  centers  of  power  supply 
can  best  be  illustrated  by  the  curves  on  Figure  5,  which,  while 
deduced  from  theory,  illustrate  in  a  simple  case  effects  such 
as  have  been  observed  in  practice. 

The  curve  SAO  of  Figure  5  represents  the  track    voltage 
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Reduction  of  Track  Voltage   Drop  bv 
Additional   Power   Supply  Stations 
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drop  on  a  portion  of  an  electric  railway  system  having  a  iini- 
formly  distributed  load.  This  curve  is  a  parabola  with  a 
vertical  axis  and  with  the  apex  at  0 — that  is,  at  the  end  of  the 
line. 

The  curve  SBF  illustrates  the  condition  of  a  substation  lo- 
cated at  P  (33  per  cent  of  the  distance  from  Q  to  S)  carrying 
20  per  cent  of  the  total  load.  In  this  curve  the  portion  BF 
is  identical  with  AO.  As  the  load  is  uniformly  distributed, 
33  per  cent  of  the  load  is  on  the  portion  of  the  line  shown  by 
PQ,  and  of  this  33  per  cent,  20  per  cent  is  carried  by  the  sub- 
station P.  The  remainder,  or  13  per  cent,  is  carried  by  the 
station  S.  The  point  B  on  the  curve  SBF^  therefore,  corresponds 
to  the  point  N  on  the  curv^e  SAO,  the  distance  QR  being  13  per 
cent  of  QS. 

In  the  same  manner  the  curves  SCG,  SDH  and  SEK  are 
drawn  showing  the  conditions  when  the  station  P  carries  40 
per  cent,  60  per  cent  and  80  per  cent,  respectively,  of  the 
total  load.  The  summit  of  the  curve  SMD,  in  which  the 
station  P  carries  60  per  cent  of  the  load,  is  located  so  that  PL 
equals  60  per  cent  minus  33  per  cent,  or  27  per  cent  of  the  total 
length  SQ  to  the  left  of  P.  The  distance  QL  is,  therefore,  60 
per  cent  of  the  total  length  QS. 

In  general,  the  conditions  are  more  complicated  than  those 
here  assumed,  and  will  ordinarily  prevent  an  accurate  deter- 
mination of  the  relative  location  of  the  negative  busses  of  the 
two  stations.  It  is  possible,  however,  to  make  tests  which 
will  verify  each  of  the  points  which  have  been  used  in  preparing 
the  curves,  although  it  may  not  be  possible  to  verify  all  of  them 
at  any  one  test  or  in  one  location. 

48.  Three-wire  Systems.  As  far  back  as  1894,  and  possibly 
earlier,  consideration  was  ^iven  to  a  three-wire  system  of  opera- 
tion for  electric  street  railways,  wherein  the  tracks  acted  as 
the  neutral  circuit.  The  reason  for  considering  such  a  system 
was  to  reduce  stray  currents  through  the  earth.  Installations 
of  this  sort  were  tried  out  in  Pittsburgh,  Pa.,  Lowell,  Mass., 
Portland,  Ore.,  and  Seattle,  Wash.,  in  the  earlier  days;  some- 
what later  an  experimental  installation  was  made  in  Cambridge, 
Mass.  In  the  Trayisactions  of  the  American  Institute  of  Elec- 
trical Engineers  for  1907,  Vol.  XXVI,  No.  1,  pages  268  to  28U, 
Messrs.  Paul  Winsor  and  J.  W.  Corning  report  the  results  of 
an  investigation  to  detennine  the  feasibility  of  using  the  three 


r3B  AMERICAN    PRACTICE 

wire  system  for  the  purpose  of  reducing  stray  currents  through 
the  earth.  This  investiKation  showed  that  the  three-wire 
system  of  operation  materially  reduced  the  track  voltage  drop, 
and  therefore  reduced  the  amoimt  of  stray  current  in  the  earth 
and  in  undergroitnd  metallic  structures.  The  figures  and  curves 
shown  by  Mr.  Corning  indicate  that  there  is  a  reduction  in  current 
flowing  on  pipe  lines  tested  by  him  of  the  order  of  nearly  90 
per  cent. 

Until  very  recently  it  wjis  thought  that  three-wire  systems 
contained  certain  serious  inherent  disadvantages.  It  was  felt 
that  the  complications  in  machinery,  difficulties  in  successfully 
insulating  trolleys  of  tiiffereni  polarities,  difficulties  in  equalizing 
the  load  between  different  sections,  and.  fuither,  the  necessity 
for  the  installation  of  larger  generating  units  to  compensate  for 
the  Jifiiculiies  in  balancing  than  were  required  with  the  single- 
trolley  j,Toundeti  system,  were  so  great  as  to  preclude  the  con- 
sifJeration  of  the  three-wire  system  for  electrolysis  mitigating 
purposes.  Recently,  however,  interest  in  this  system  has  been 
renewed,  and  at  least  some  of  the  difficulties  successfully  over- 
come, with  the  result  that  at  the  present  time  there  are  in 
operation  or  being  installed  two  svction aliped  i hree-wire  sys- 
tems— one  in  operation  in  the  Hollywood  district  of  Los  Angeles, 
Cal.,  and  the  other  in  process  of  installation  in  West  Springfield, 
Mass.  It  is  known  that  the  three-wire  system  has  been  in 
operation  for  some  twelve  years  in  Nurnberg.  Germany,  and 
for   a   considerable   length    of  time  in    Brisbane,   Australia. 

The  thrcc-wirc  (system  may  take  two  different  forms,  which, 
though  the  same  in  principle,  differ  decidedly  as  to  the  arrange- 
ment of  the  feeder.^;.  In  one  form,  known  as  \Me  Parallel  Tkree- 
'.L'ire  Sysli-ni.  one  trolley  of  a  double  track  road  is  negative  and  the 
other  |)Ositive,  the  tracks  being  neutral.  In  the  other  form,  known 
Hslhe  Sirtionalizrd  Threc-ivlre  Syslcm,  the  feeding  district  is  di- 
vided inio  sections  ami  alternate  sections  arc  supplied  by  feeders 
rnnninj;  directly  from  ihc  i>osiiivc  bus.  while  the  remaining 
sections  arc  sup|)licd  by  feeders  from  the  negative  bus.  For 
a  more  detailed  descrii)tion  of  these  two  forms  of  three-wire 
systems  reference  is  made  to  the  Bureau  of  Standards'  Tech- 
nologic Paper  No.  ;»2. 

49.  Reversed  Polarity  of  Trolley  System.  With  the  ordinary 
construrtion  of  electric  railways  using  the  running  tracks  as 
a  part  of  the  electric  circuit,  the  overhead  trolley  wire  or  third 
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rail  is  made  the  positive  conductor,  and  the  running  tracks 
the  negative  or  return  conductor,  only  one  exception  to  this  rule 
being  known  to  the  Committee.  With  the  usual  arrangement 
stray  currents  escape  from  the  running  rails  into  ground  and 
flow  to  underground  structures  at  points  distant  from  the  power 
station,  and  such  escape  of  stray  currents  from  the  rails  gener- 
ally takes  place  from  a  large  area  of  outlying  lines.  The  cur- 
rent then  returns  to  the  tracks  from  ground  and  from  under- 
ground structures  in  the  neighborhood  of  the  power  station. 
For  this  reason  the  most  acute  danger  from  electrolysis  is 
usually  j^roduced  on  underground  structures  in  the  neigh- 
borhood of  the  power  station. 

To  reverse  this  arrangement  of  polarity  and  make  the 
rails  the  positive  conductor,  causes  current  to  leave  the 
structures  over  widely  scattered  areas,  so  that  the  current 
densitv   leaving   the  underground   structures    will    be  so  small 
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Dut  because  the  drainage  system  itself  did  not  adequately  care 
for  the  trouble.  Various  special  arrangements  involving  the 
use  of  boosters  in  electroh'sis  mitigation  have  been  proposed, 
but  in  so  far  as  is  known  they  have  ne\'er  been  placed  in  suc- 
cessful operation. 

61.  Interconnection  of  Railway  Return  Circuits.  Where- 
ever  two  or  more  declric  railway  tracks  come  close  together, 
whether  ihey  belong  tn  the  same  railway  system  or  to  different 
railway  systems,  large  differences  of  potential  between  them, 
with  resultant  high  potential  gradients  through  ground,  are  often 
found  to  occur  unless  the  tracks  are  electrically  connected. 
Interconnection  of  tracks  has  been  found  to  be  of  partic- 
ular advantage  wJiere  two  or  more  lines  of  electric  railway, 
operating  in  one  Ux'ality  and  belonging  to  the  same  or  to 
different  systems,  are  supplied  from  two  or  more  power  stations 
located  in  different  parts  of  the  city.  By  interconnecting  the 
tracks  of  such  lines  in  the  neighborhood  of  the  power  stations, 
and  also  at  several  intermediate  points,  an  interchange  of 
current  has  been  brought  about,  whereby  the  drop  formerly 
existing  in  one  track  has  been  balanced  by  the  drop  in  the 
opposite  direction  in  the  other  track,  the  rail  drop  in  each  track 
greatly  reduced,  and  all  high  potential  gradients  between  the 
track-;  eliniinaled.  This  reduction  in  rail  drop  resulted  also 
in  a  corresponding  reduction  of  los,seK, 

62.  Use  of  Alternating  Currents.     When  the  first  alternating 

current  railways  were  proposed,  the  question  of  possible  elec- 
trolytic effects  received  special  investigation.  Considerable 
work  was  done  upon  a  laboratory  scale,  in  which  it  was  estab- 
lished that  alternating  currents  could  produce  corrosion  on 
electrodes  of  the  metals  commonly  used  underground,  such 
as  lead  and  iron,  but  that  the  effects  were  very  much  less  in 
magnitude  than  those  profluced  by  equivalent  quantities  of 
direct  current,  usually  less  than  one  percent  and  in  most  cases 
ncgligibli-. 

It  has  not  as  yet  been  possible  to  determine  whether  these 
effects,  demonstrated  in  an  experimental  manner,  are  being 
reproduced  in  the  case  of  actual  installations.  In  the  case  of 
practically  all  actual  exposures  which  have  occurred  up  to 
the  present  time  it  has  been  impossible  to  dissociate  effects 
which  might  be  due  to  an  alternating  current  exposure  from 
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the  effects  which  are  due  to  a  simultaneous  exposure  to  stray 
currents  from  direct  current  railways.  Whether  alternating 
current  corrosion  is  proceeding  at  the  relatively  slow  rate  in- 
dicated by  the  experimental  investigations  and  will  at  some 
time  produce  damage  to  subsurface  structures,  cannot  now  be 
determined.  Special  measures  for  the  reduction  of  leakage  of 
current  to  earth  are  being  tried  out  in  one  alternating  current 
railway,  but  neither  the  construction  nor  the  results  have  yet 
been  made  public.  (See  Bureau  of  Standards  Technologic  Paper 
No.  72.) 

53.  Insulated  Track  Feeder  System.  The  insulated  track 
feeder  system  or  the  insulated  return  feeder  system  is  employed 
in  a  number  of  American  cities  at  the  present  time,  and  plans 
are  being  made  looking  to  its  installation  in  a  number  of  other 
cities. 

The  arrangement  of  feeders  described  under  this  title  is  not 
generally  understood,  and  as  it  is  commonly  confused  with  the 
reinforcement  of  track  conductivity,  the  following  explanation 
is  therefore  made. 

Stray  current  which  is  the  cause  of  electrolytic  corrosion  is 
traceable  directly  to  voltage  drop  in  the  rails.  With  a  given 
resistance  between  rails  and  earth  any  means  which  will  most 
effectively  reduce  this  voltage  drop  is,  therefore,  the  means 
which  will  most  effectively  reduce  electrolytic  corrosion.  The 
reinforcement  of  the  conductivity  of  the  rails  by  paralleling 
them  with  other  conductors  operates  definitely  in  this  direction, 
provided  the  y)aralleling  conductors  are  not  themselves  in  contact 
with  the  earth.  When,  however,  it  is  desired  to  reduce  the  volt- 
age drop  to  such  a  point  as  will  insure  reasonable  immunity  from 
electrolytic  troubles,  the  employment  of  copper  in  parallel  with 
the  rails  generally  proves  |)rohibiiively  exy)ensive.  For  example, 
an  average  grade  of  rail  has  a  resistance  12|  times  that  of  copper 
of  the  same  cross-section.  Its  conductivity  is  therefore  ap- 
proximately the  equivalent  of  10, ()()()  c.  m.  of  copper  j)er  pound 
per  yard.  Such  a  rail  weighing  lOO  [)oinids  ])er  yard  would  be 
approximately  equivalent  to  a  l,000.0(K)c.  m.  cable.  To  reduce 
the  track  voltage  dro])  to  one-half  its  former  value,  where  such 
a  rail  is  employed,  would  reqtiire  a  1,000,()()0  cm.  cable  laid 
parallel  to  each  rail  of  the  track  for  its  entire  length.  This  large 
investment  in  eo{j])er  would  reduce  the  losses  of  track  trans- 
mission by  but  one-half,  and  would  redtice  the  stray  current  by 
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points,  and  distributed  geographically  over  a  considerable  por- 
tion of  the  track  network.  This  reduces  both  maximum  and 
average  current  in  the  rails  and  also  reverses  the  direction  of 
the  current  in  the  rails  on  one  side  of  each  feeder  j  oint.  These 
changes  in  the  rail  current  directly  reduce  track  voltage  drop. 
The  area  from  which  current  leaks  to  earth  and  to  underground 
structures,  and  also  the  area  from  which  current  returns  from 
underground  structures  and  earth  to  the  rails  are  sul)di\ided. 
The  coml)ine(l  elTcct  of  these  factors  is  a  substantial  improxc- 
ment  in  electrolysis  conditions  of  underground  structures.  (See 
i).  I.  Rhodes,  Trans.  A.  I.  E.  E.,  1907.) 

The  efficacy  of  this  system  in  reducing  stray  current  is 
practically  independent  of  the  weight  of  co]j])er  in  the  individual 
feeders — that  is  to  say,  the  voltage  drop  in  the  feeders  may  be 
either  large  or  small,  without  material  eflect  uj)on  the  stray 
currents. 

As  was  pointed  out  under  a  prior  sub-heading,  negative  boosters 
may  be  used  with  this  system.  The  ])rinciy)k's  underl\'ing  the 
insulated  track  feeder  system  are  the  same,  whether  or  not 
negative  boosters  are  used. 

B.  MEASURES   APPLIED    TO    AFFECTED    STRUCTURES. 

54.  Insulating  Joints  in  Large  and  Small  Iron  Pipes  and  in  Lead- 
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through  the  earth  and  upon  the  electrical  resistivity  of  the  earth 
in  the  neighborhood  of  the  pipe  line. 

Tests  on  joints  buried  in  earth  have  shown  that  the  resistance 
of  a  short  insulating  joint  is  practically  the  same  as  that  of  a 
long  joint,  but  that  a  lonK  insulating  joint  gives  a  more  even 
distribution  of  leakage  current  than  a  short  joint,  and  that, 
therefore,  a  long  insulating  joint  is  to  be  preferred  where  there  is 
considerable  potential  difference  across  the  joint  or  where  the 
resisiiWty  of  the  surrounding  soil  is  very  low.  It  has  also  been 
found  that  the  effect  of  a  long  joint  can  be  secured  from  a  short 
insulating  joint  by  surrounding  the  joint  and  the  pipe  for  some 
distance  on  each  side  of  the  joint  with  a  heavy  layer  of  insulating 
material.  In  a  number  of  installations  of  such  insulating  joints 
in  important  pipe  lines,  each  joint  and  the  pipe  for  a  distance 
of  from  5  to  25  feet  on  each  side  of  the  joint  ha^'e  been  surrounded 
by  a  wooden  box  leaving  a  space  of  from  1  to  2  inches  between  the 
outside  of  the  pipe  and  the  inside  of  the  box,  and  the  space  then 
filled  with  pitch,  parolile,  or  similar  material.  In  this  way  an 
insulating  joint  having  an  effective  length  of  from  10  to  50  feet 
was  secured.  (See  also  Bureau  of  Standards  Technologic  Paper 
No.  52). 

In  a  large  number  of  cases  small  service  pipes  have  been 
damaged  by  electrolysis  from  stray  current  leaving  the  ser\-ice 
pipes  for  earth,  which  current  was  found  to  flow  to  the  service 
pipes  either  from  the  main  or  from  house  piping.  In  the  latter 
case  the  current  was  found  to  reach  the  house  piping  by  way  of  a 
service  pipe  from  another  piping  system.  In  some  cases  of 
this  kind  such  current  flow  to  service  pipes  has  been  greatly  re- 
duced or  jjrevented  and  the  ser\-ice  pipe  thereby  protected 
from  electroly.sis,  by  placing  an  insulating  joint  in  the  service 
pipe  at  the  main  or  in  the  building,  as  the  case  may  be. 

In  some  cases  it  was  however  found  necessary  to  install  an 
insulating  joint  in  the  service  at  the  main  and  a  second  joint 
in  the  building,  the  necessary  locations  of  the  joints  being 
determined  from  the  results  of  electrical  measurements.  This 
method  of  protecting  pijws  has  been  applied  to  isolated 
cases  which  were  specially  studied,  but  has  not  been  generally 
applied  to  a  large  complicated  city  system  of  mains  and  services. 

For  wrought-iron  or  steel  pipes  of  small  and  moderate 
size,  various  commercial  insulating  joints  have  been  largely 
used.  For  large  sizes  of  pipe  a  flanged  type  of  insulating 
joint  has  been  commonly  used.     This  insulating  joint  has  been 
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This  method  of  protecting  underground  structures  has  not 
been  widely  used  as  a  primary  means  of  electrolysis  protection, 
partly  because  of  the  great  expense  involved.  Further,  insulat- 
ing joints  unless  used  with  caution  may  introduce  serious  trouble 
at  many  points.  This  method  has  proved  useful  especially  in 
certain  new  installations,  but  to  protect  existing  installations 
by  this  means  would  involve  prohibitive  cost.  It  is  usually  re- 
garded as  a  suitable  auxiliary  measure  to  be  used  in  certain  cases 
which  cannot  economically  be  taken  care  of  by  other  means. 

66.   Insulating  Pipes,  Cables  and  Structural  Steel  from  Earth. 

Many  attempts  have  been  made  in  practice  to  protect  under- 
ground pipes  from  electrolysis  by  insulating  the  pipes  from 
earth  by  paints,  dips  or  insulating  coverings.  It  has  been 
found,  however,  that  no  dip  or  paint  will  permanently  protect 
a  pipe  from  electrolysis  in  wet  soil.  The  first  difficulty  that  is 
met  is  to  apply  the  paint  so  as  to  form  an  absolutely  perfect 
coating,  and  then  to  prevent  mechanical  damage  to  the  coating. 
Where  a  coated  pipe  is  in  a  positive  area  it  has  been  found  that 
aggravated  trouble  from  rapid  destruction  of  the  pipe  has 
resulted  at  spots  in  the  pipe  where  there  are  imperfections  in 
the  coating.  It  has  further  been  found  that  even  where  paints 
or  dips  are  apparently  intact,  electrolytic  action  has  taken 
place  causing  severe  pitting  under  apparently  good  coatings. 
It  has  been  found  that  in  most  cases  the  coatings  applied  have 
either  been  completely  destroyed  by  the  effects  of  the  wet 
soil  and  electric  currents,  or  defects  in  the  coating  have  de- 
veloped, causing  concentrated  corrosion  at  such  defective  spots. 
It  has,  in  fact,  been  found  that  pipes  located  in  positive  areas 
covered  with  imperfect  insulating  coatings  are  more  rapidly 
destroyed  by  electrolysis  than  bare  pipes  under  the  same  con- 
ditions. It  has  been  found  that  coating  pipes  in  negative  areas 
with  insulating  coverings  accomplishes  some  good  by  reducing 
the  amount  of  stray  current  which  reaches  the  pipe. 

Investigations  indicate  that  the  destruction  of  paints  in 
wet  soil  where  subjected  to  an  electric  current  is  probably  due 
to  a  trace  of  moisture  finding  its  way  through  the  coating,  giv- 
ing rise  to  the  flow  of  a  feeble  current  and  resulting  in  a  very 
slight  amount  of  electrolysis.  The  gases  and  other  products 
of  electrolysis  then  form  blisters  and  finally  rupture  the  coating. 

Attempts  have  been  made  in  practice  to  apply  a  molten 
material  like  pitch  or  asphaltum  to  a  cold  pipe  in  the  field  by 
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means  of  brushes,  but  it  has  been  found  impossible  to  com- 
pletely cover  the  pipe  in  this  way.  A  type  of  insulating  cover- 
ing which  has  been  successfully  applied  in  a  number  of  installa- 
tions, and  which  appears  to  afford  certain  protection,  consists 
of  a  layer  of  at  least  from  1  to  2  inches  of  a  material  like  pitch 
or  parolite  of  such  a  grade  that  it  is  not  brittle  and  so  will  not 
crack,  but  yet  is  hard  enough  to  remain  in  place.  It  has  been 
found  best  to  apply  such  a  layer  by  surrounding  the  pipe  with 
a  wooden  box,  supporting  the  pipe  upon  creosoled  blocks  of 
wood  or  upon  blocks  of  glass,  and  then  filling  the  space  between 
the  box  and  the  pipe  with  the  molten  material.  The  cost  of 
carrying  out  such  an  installation  is,  however,  large.  The 
method  has  been  apjjlied  in  special  cases,  such  as  service  pipes 
in  very  bad  localities,  and  in  the  case  of  some  very  important 
individual  pipe  lines  of  comparatively  small  size. 

Attempts  have  been  made  to  protect  a  pipe  from  electrolysis 
by  imbedding  it  in  cement  or  concrete,  but  these  attempts 
have  not  been  successful,  even  where  the  cement  or  concrete 
was  several  inches  in  thickness.  The  rea.son  for  this  is  that 
concrete  in  damp  earth  acts  as  an  electrolytic  conductor,  like 
damp  soil,  and  therefore  cannot  afford  protection  from  elec- 
trolj-sis. 

The  following  experience  and  practice  is  that  of  a  gas  com- 
pany in  a  large  city  which  uses  cast-iron  pipes  in  general  in  their 
distributing  system  with  wrought-iron  services.  They  make 
it  a  uniform  practice  to  protect  all  of  their  service  pipes  with  an 
insulating  coating.  As  a  preliminary  the  pipes  are  first  cleaned 
with  a  wire  brush,  in  order  to  remove  all  scale.  They  are  then 
dipped  into  a  hot  coal  tar  compound,  then  wrapped  for  the 
entire  length  with  a  strip  of  canvas,  and  then  again  dipped  in 
the  compound.  In  spite  of  this  protection,  however,  they  have 
some  trouble  with  their  services.  The  difficulty  is  due  to  their 
inability  to  get  a  continuous  coating  over  the  entire  surface 
of  the  pipe.  Small  pin  holes  are  left  in  the  coating  due  to  minute 
bubbles  of  air,  or  some  similar  cause,  so  that  if  the  pipes  are 
positive  the  flow  of  current  from  the  pipe  through  moist  earth 
is  confined  to  these  minute  pin  holes  through  the  insulating 
compound.  The  result  is  that  the  action  of  the  current  forms 
a  small  blister  of  iron  rust  at  the  point  where  the  pin  hole  is 
located,  and  after  the  bHster  becomes  so  targe  as  to  loosen  a 
piece  of  the  compound,  the  action  takes  place  at  a  very  rapid 
rate  and  soon  destroys  the  pipe.     In  some  locations  some  of  the 
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service  pipes  have  to  be  renewed  within  a  period  of  six  months 
on  account  of  the  leaks  caused  by  the  electrolytic  corrosion. 

Attempts  have  been  made  to  insulate  lead-sheathed  cables 
from  earth,  but  these  attempts  have  not  generally  been  at- 
tended with  beneficial  results.  The  experience  of  the  telephone 
companies,  who  are  the  largest  users  of  lead -sheathed  cables, 
has  been  that  it  is  futile  to  attempt  to  insulate  lead-sheathed 
cables  from  earth.  It  is,  however,  the  practice  of  the  telephone 
companies  to  make  every  effort  to  prevent  metallic  contact 
between  their  lead-sheathed  cables  and  other  grounded  struc- 
tures throughout  the  run  of  the  cable,  except  where  it  has  been 
determined  by  a  careful  survey  that  a  drainage  connection  to 
some  particular  structure  is  required  for  the  protection  of  the 
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paints  ha\'ing  an  asphalt  base,  have  been  successfully  used, 
while  many  of  the  ordinary  paints  have  not  been  found  effective. 
It  has  also  been  found  that  surrounding  steel  with  concrete 
where  this  is  imbedded  in  damp  earth  does  not  afford  absolute 
protection  against  electrolysis.  althouKh  the  electrolytic  action 
is  most  severe  at  first  and  becomes  less  with  time,  because  the 
formation  of  chalk  in  the  concrete  fills  the  pores  of  the  concrete 
and  increases  its  resistance  and  the  iron  oxide  forming  on  the 
surface  of  the  metal  also  increases  the  resistance.  Special 
preparations  of  Portland  cemeni.  projierly  applied  so  as  to  be 
watertight  have  also  been  found  to  affonl  f;ood  protection. 

66.  Shielding,  or  the  Use  of  an  Auxiliary  Anode.     In  some 

special  cases  underfirnund  e^lniclures  have  been  protected  from 
electrolj-sis  by  connecting  to  the  structure  an  auxiliary  metallic 
conductor  located  so  as  to  cause  the  current  to  flow  to  earth 
from  the  auxihary  conductor.  This  mode  of  protection  is 
known  as  shielding.  When  apjjlying  this  method  it  has  been 
found  necessary  to  take  care  that  the  auxiliary  shielding  con- 
ductor docs  not  merely  increase  the  electrode  areas  from  which 
the  current  leaves,  because  in  this  ca^^e  the  current  will  continue 
to  leave  from  the  structure  which  is  .to  be  protected.  This 
has  been  found  to  be  the  practical  result  where  a  shielding 
conductor  of  the  same  or  less  contact  area  was  placed  in  earth 
near  the  structure  to  be  protected  and  where  the  stray  current 
then  left  from  both  structures.  The  shielding  conductor  must 
be  so  placed  that  current  will  be  prevented  from  leaving 
the  structure  to  be  protected  or  so  as  to  cause  its  magnitude 
to  be  greatly  reduced.  The  method  has  in  some  installations 
been  applied  to  a  structure  which  forms  the  dead  end  of  an 
underground  metallic  system  and  where  the  structure  is  highly 
positive  to  earth.  In  cases  of  this  kind  it  has  been  found  that 
the  current  leaves  at  relatively  high  density  from  and  near  the 
dead  end  of  the  structure,  with  the  result  of  rapid  destruction 
of  the  portion  near  its  dead  end.  In  such  cases  an  auxiUary 
shielding  conductor  of  adequate  contact  surface  extending  be- 
yond the  dead  end  and  electrically  connected  to  the  structure 
to  be  protected  has  been  installed  in  such  a  manner  that  the 
bulk  of  the  current  was  caused  to  leave  the  auxiliary  shielding 
conductor,  thus  affording  a  certain  degree  of  protection  to  the 
dead  end  of  the  structure. 

The  shielding  method  has  also  been  effectively  applied  for 
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the  protection  of  relatively  small  iron  or  steel  pipes,  such  as 
service  pipes.  In  these  cases  the  service  pipe  has  been  sur- 
rounded by  a  larger  metal  pipe  electrically  connected  to  the 
smaller  pipe.  One  application  of  this  method  which  is  in  use 
is  that  of  a  service  pipe  crossing  under  tracks  or  crossing  other 
structures  to  which  it  is  positive  and  where  the  pipe  comes 
relatively  close  to  the  rails  or  other  structures  at  the  point  of 
crossing.  In  these  cases  a  larger  shielding  pipe,  usually  of 
heavy  cast  iron,  has  been  placed  around  the  ser\dce  pipe  and 
electrically  connected  to  the  service  pipe  and  extended  suf- 
ficiently on  each  side  of  the  crossing  so  that  the  major  part  of 
the  current  was  caused  to  leave  the  shielding  pipe,  thereby 
corroding  the  shielding  pipe  while  protecting  the  service  pipe. 

67.  Drainage  of  Earthed  Metallic  Structures. 

(a)  Lead-sheathed  Telephone  and  Power  Cables.  The  method 
of  protection  against  electrolysis  used  generally  by  telephone 
companies  for  their  cable  sheaths  consists  of  installing  insulated 
conductors,  called  drainage  wires,  between  the  negative  re- 
turn system  of  the  railway  and  points  on  the  cable  system 
where  the  positive  potential  to  earth  is  highest.  The  purpose 
of  these  drainage  wires  is  to  conduct  the  stray  railway  current 
from  the  cable  sheaths  to  the  railway  negative  return  circuit, 
thereby  preventing  this  current  from  flowing  from  the  cable 
sheaths  to  earth  and  causing  corrosion  from  electrolysis.  In 
order  to  afford  complete  protection  it  has  been  found  that  such 
drainage  wires  must  liave  sufficient  conductivity  and  must  be 
so  located  that  the  lead  sheath  of  the  cable  network  is  everv- 
where  lower  in  potential  than  the  adjacent  earth. 

As  the  potential  of  the  cable  sheath  is  lowered  by  the  con- 
nection of  the  drainage  wire  from  the  railway  negative  return 
circuit  the  current  flowing  on  the  cable  sheath  is  thereby  in- 
creased. In  order  that  this  current  does  not  become  excessive, 
care  is  taken  to  prevent  contacts  between  cable  sheaths  and  other 
under j:;roun(l  structures,  through  which  currents  could  flow 
to  the  cable  sheaths. 

The  drainage  method  is  also  employed  to  a  considerable 
extent  for  the  protection  of  underground  power  cables,  and  the 
principles  involved  in  its  application  are  the  same  as  for  tele- 
phone cables.  When  ])ower  cables  are  worked  at  relatively 
high  temperatures  they  sliould  not  also  carry  a  heavy  drainag.^, 
current  which  mi^dit  cause  over  heating.    Where  such  conditioTHL'; 
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prevail  drainage  is  not  employed,  but  insulating  joints  are  used 
to  break  up  the  continuity  of  the  lead  sheaths. 

(b)  Pipe  Systems:  The  early  success  of  the  drainage  method 
in  affording  protection  against  electrolysis  of  lead -sheathed 
cables  led  to  the  proposal  to  apply  the  same  method  of  protection 
to  underground  piping  systems.  The  result  has  been  that 
in  some  cases  drainage  has  been  applied  to  gas  and  water  piping 
systems  to  a  greater  or  lesser  extent.  Some  of  these  installations 
are  reported  to  he  a  success,  while  others  are  reported  to  have 
been  attended  with  objectionable  results. 

It  has  been  found  that  there  are  certain  differences  between 
the  application  of  drainage  to  pipes  and  the  application  of  drain- 
age to  cable  sheaths.  The  principal  difference  that  has  been 
found  is  that  the  cable  sheaths  are  electrically  continuous  and 
uniform  conductors,  while  the  pipes  are  generally  non-uniform 
and  sometimes  discontinuous  conductors,  by  reason  of  the  joints. 
It.  is  found  that  where  current  flows  along  a  pipe  and  encounters 
a  high  resistance  joint,  part  of  the  current  will  leave  the  pipe  on 
the  positive  side  of  the  joint  to  flow  to  some  other  underground 
conductor  or  to  shunt  around  the  joint  and  thereby  cause  electro- 
lytic corrosion  of  the  pipe  on  the  positive  side  of  the  joint. 

Another  difference  between  lead-sheathed  cables  and  piping 
systems  is  that  the  cables  are  relatively  small  and  are  con- 
tained in  ducts,  so  that  unless  they  are  submerged  they  are 
not  in  direct  contact  with  earth,  except  at  infrequent  points, 
whereas  gas  and  water  pipes  form  extensive  systems  and 
are  buried  directly  in  earth.  It  is  found  as  a  result  of  this  that 
a  drainage  connection  from  an  underground  piping  system 
generally  causes  very  much  larger  currents  to  flow  on  the  piping 
system  than  a  drainage  connection  from  an  underground  cable 
system. 

In  the  application  of  the  drainage  system  it  has  been  found 
that  unless  all  sub-surface  metallic  structures  afifected  by  stray 
currents  have  been  bonded  together  in  such  a  way  that  at  every 
point  where  the  different  structures  come  into  proximity  to  one 
anotherall  are  maintained  at  the  same  potential,  damage  to  the  un- 
connected structures  has  in  certain  instances  resulted  from  a  flow 
of  current  through  earth  from  the  structure  of  higher  to  that  of 
lower  potential,  thus  causing  electrolysis  of  the  former.  As  struc- 
tures owned  by  different  interests  cannot  be  bonded  together  ex- 
cept by  an  agreement  between  the  owners,  this  has  frequently  of 
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Itself  made  it  impossible  to  apply  a  comprehensive  drainage  sys- 
tem to  all  structures,  because  of  the  impossibility  of  obtaining 
an  agreement  of  all  owners  to  allow  connections  to  their  struc- 
tures, except  on  condition  that  another  interest  assume  liability 
for  any  injury  which  may  result  from  such  connections. 

Current  flowing  on  piping  systems  which  convey  inflammable 
substances  such  as  gas  or  oil  constitutes  a  danger,  as  cases 
have  been  reported  where  stray  currents  on  pipes  have  caused 
arcs  which  have  ignited  the  gas  or  oil  when  an  intentional  or 
accidental  break  in  the  pipe  has  occurred.  In  other  instances 
serious  damage  from  explosions  and  fire  has  been  caused  by 
an  arc  due  to  the  intermittent  contact  between  pipes. 
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60.  Decisions  of  Courts.  While  there  have  been  several  cases 
of  electrolysis  litigation  in  this  country  each  of  these  has  either 
been  concerned  only  with  certain  phases  of  the  subject  or  has 
been  limited  by  local  conditions,  so  that  there  are  no  leading 
decisions  by  courts  in  this  country  which  define  specifically 
the  duties  and  rights  of  the  several  parties  concerned. 
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IV.  EUROPEAN  PRACTICE. 

A.  GENERAL. 

61.  Personal  Investigation  Necessary.  In  the  study  of  the 
practice  followed  in  European  countries  in  handling  the  problem 
of  electrolysis,  it  appeared  impossible  to  secure  reliable  and 
satisfactory  information  by  mere  correspondence  and  consulta- 
tion of  published  reports  and  regulations;  and  further,  since  the 
important  independent  investigations  made  by  American  in- 
vestigators several  years  ago  were  private  and  made  from  the 
standpoint  of  some  special  industry  rather  than  from  a  com- 
prehensive all-around  point  of  view  the  necessity  of  an  in- 
dependent investigation  was  made  evident. 

The  Chairman  of  this  Sub-Committee,  after  consultation 
with  its  members  and  the  General  Chairman  decided  to  visit 
several  important  European  countries  during  the  summer  of 
1914.  He  was  accompanied  by  Mr.  A.  Maxwell,  Testing 
Officer  of  The  New  York  Edison  Company,  who  was  thoroughly 
conversant  with  electrolysis  measurements  and  surveys.  The 
effort  to  have  the  Bureau  of  Standards  appoint  a  representative 
to  join  the  visiting  representatives  failed  on  account  of  ex- 
tensive engagements  of  the  Bureau,  but  a  consultation  was  held 
in  Washington,  and  the  field  of  inquiry  and  special  points  to 
be  looked  after  were  carefuUv  discussed,  and  a  list  of  classified 
questions  prepared,  so  that  as  far  as  possible  uniformity  of 
system  of  investigation  could  be  followed  in  all  instances. 
Similar  consultations  were  held  with  members  of  the  main 
Committee.  Information  on  important  foreign  cities  and 
authorities,  was  received  from  Mr.  H.  S.  Warren,  also  foreign 
papers,  suggestions  and  references  from  Prof.  Albert  F.  Ganz. 

62.  Countries  Visited.  The  visiting  Committee  spent  June 
and  July  in  its  investigation,  covering  Germany,  Italy,  France 
and  England.  In  each  country  an  effort  was  made  to  take 
measurements  and  collect  data  and  surveys,  also  to  interview 
the  most   prominent   i)eople  in  each   branch  of  the  different^ 
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interests  affected  by  the  problem  of  electrolysis;  in  each  case 
extended  and  often  repeated  conferences  were  held,  with  the 
engineers  most  familiar  with  the  details,  either  in  their  capacity 
of  specialized  consulting  engineers  or  officials  of  corporations 
or  public  authorities  directly  concerned  in  the  surveys,  disputes, 
administrative  measures,  etc.  relating  to  electrolysis. 

The  essential  and  characteristic  results  of  the  investigation 
are  briefly  outlined  in  the  following  paragraphs,  classified  by 
countries  visited.  The  references  and  appendixes  to  this  sum- 
mary should  be  consulted  for  details  of  design,  operation  and 
statistical  information. 

B.    GERMANY. 

63.  Laws  and  Ordinances.  There  are  no  specific  statu- 
tory laws.  The  common  law  of  most  States  prescribes 
that  all  the  conditions  under  which  a  corporation  is  to 
operate  must  be  prescribed  in  the  original  grant  or  for  any 
extension  of  lines,  and  the  law  prescribes  that  due  publicity 
be  given  to  any  request  for  a  franchise  or  extension  of  lines, 
so  as  to  enable  all  parties  which  may  be  affected  to  place  on 
record  any  limitation,  or  possible  damage  they  wish  to  be  pro- 
tected against,  before  the  concession  is  granted  to  the  applicant. 
Hence,  a  pipe  owning  company  organized  subsequently  to 
the  existence  of  an  electric  railway,  could  not  claim  damages 
for  electrolysis  from  this  electric  railway  unless  the  original 
franchise  to  the  railway  contained  a  clause  regarding  electrol- 
ysis damages  from  stray  currents. 

On  the  other  hand,  when  the  municipality  undertakes  the 
construction  and  operation  of  a  tramway  system,  the  pipe 
owning  companies  then  in  existence  are  deprived  of  the  privilege 
of  demanding  that  protection  against  possible  future  damages 
by  electrolysis  which  would  be  accorded  to  them  in  the  case  of 
a  new  private  railway  company.  The  municipality  does  not 
asstune  legally  the  obligation  to  protect  the  existing  interests 
against  possible  damages  by  electrolysis.  The  municipalities, 
however,  both  for  their  new  railway  constructions,  as  well  as 
for  new  extensions  of  existing  companies*  railways,  always 
prescribe  that  they  be  constructed  and  operated  in  accord- 
ance with  existing  technical  standards. 

The  recommendations  of  the  German  Earth  Current  Com- 
mission are  recognized  as  the  existing  technical  standards  re- 
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garding  matters  relating  to   electrolysis,   and  in  this  manner 
they  have  assumed  almost  the  importance  of  law. 

64.  Commission  Recommendations.  The  German  Earth  Cur- 
rent Commission's  recommendations  adopted  in  1910  by  the 
German  Electrotechnical  Society  prescribe  the  following: 

In  large  cities,  the  maximum  rail  drop  is  to  be  limited,  in  the 
urban  net-work  and  for  a  distance  of  2  km.  beyond,  to  2.5  volts 
and  to  1  volt  per  km.  beyond  this  central  district.  Exceptions 
are  made  for  roads  operating  only  a  few  hours  a  day.  (It  may 
be  noted  here  that  the  maximtmi  drop  is  interpreted  to  be 
the  average  maximum  drop  for  the  period  of  the  normal  day 
traffic,  usually  18  hours  in  every  24  hours.)  Bonds  must  not 
increase  the  resistance  of  tracks  over  20% — must  be  tested 
yearly  and  when  a  connection  shows  a  resistance  higher  than 
10  meters  of  rail  it  must  be  repaired.  Connections  to  pipes 
are  prohibited.  Bare  feeder  returns  are  not  allowed.  Pilot 
wires  are  prescribed. 

Since  these  regulations  were  promulgated  from  20  to  30 
installations  in  Germany  (some  municipally  owned  and  some 
privately)  have  taken  steps  to  bring  up  their  standard  of  con- 
struction to  meet  these  regulations. 

65.  Construction.  In  large  cities,  like  Berlin,  the  railways 
are  supplied  by  a  great  number  of  combination  light  and  rail- 
way substations  feeding  limited  districts,  entailing  relatively 
small  positive  line  drops  of  potential.  In  some  cases  like  Berlin, 
each  feeding  point  is  fed  by  positive  and  negative  cables  of 
equal  cross-section. 

Insulated  returns  with  balancing  resistances  are  predom- 
inantly used  in  Germany,  though  there  are  a  few  installations 
with  negative  boosters,  like  Danzig,  where,  however,  insulated 
returns  with  balancing  resistances  as  well  as  boosters  are  used. 

There  are  very  few  large  Installations  using  bare  returns. 
The  ^'drainage  system"  was  used  in  Aachen  but  it  is  now  a 
subject    of   litigation. 

66.  Conditions.  In  general  the  electrolysis  conditions  through- 
out Germany  are  now  very  satisfactory.  In  the  past  the  majority 
of  troubles  have  been  on  gas  and  water  pipes,  or  at  least  these 
have  received  more  attention  in  the  reports.  The  railway 
experts  expressed   the  opinion   that   the  regulations  were  too 
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stringent;  the  gas  and  water  pipe  experts  expressed  the  opinion 
that  the  regulations  were  too  lenient.  The  studies  are  made 
in  the  most  excellent  technical  manner  and  the  conclusions 
arrived  at  appear  to  be  practicable  and  reasonably  acceptable 
to  all  parties  concerned. 

Measurements  were  made  by  the  Sub-Committee  of  one  large 
installation  and  it  was  found  that  the  maximum  drops  in  rails 
were  well  within  the  limits  prescribed  by  the  German  regulations. 
More  extended  measurements  were  omitted,  depending  for 
other  information  on  the  surveys  made  by  the  German  Earth 
Current  Commission. 

C.     ITALY. 

67.  Laws  and  Ordinances.  The  Government  has  not  en- 
acted any  law  affecting  the  operation  of  electric  railways  in 
relation  to  electrolysis  problems,  nor  has  any  municipality 
issued  regulations  on  the  subject. 

68.  Construction.  Bare  returns  are  generally  used,  in  large 
installations. 

69.  Conditions.  From  a  survey  made  in  a  city  six  years 
ago,  it  was  found  that  the  maximum  differences  of  rail  potential 
were  as  great  as  17.5  volts  between  station  and  distant  points 
about  three  miles  away.  In  this  installation  they  had  not 
received  complaints  of  serious  damages  by  electrolysis,  except 
a  few  gas  service  pipes,  though  the  railroad  itself  had  experi- 
enced some  difficulties  on  water  pipes  at  one  of  its  yards. 

Some  of  the  larger  systems  in  important  cities  are  alive  to 
the  situation  and  are  following  with  interest  the  developments 
in  other  countries. 

In  general,  troubles  from  electrolysis  have  been  considered  in- 
significant in  the  Italian  practice. 

D.    FRANCE. 

70.  Laws  and  Ordinances.  A  Ministerial  Decree  of  March 
21,  1911,  prescribes  that  the  maximum  voltage  drop  in  rail 
returns  of  electric  tramways  shall  not  exceed  one  volt  per  kilo^ 
meter,  except  in  locations  where  there  do  not  exist  metallic 
masses  in  the  neighborhood  of  the  tracks,   where  the  limit 
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may  be  exceeded.  No  definition  is  given  of  the  time  element 
in  the  measurement  of  the  maximum  drop,  except  by  stating 
that  it  must  be  the  average  during  the  normal  passage  of  the 
cars.  The  same  decree  prescribes  that  the  bonds  must  be 
kept  in  the  best  possible  condition,  that  the  resistance  of  each 
must  not  be  greater  than  10  metres  of  normal  rail  and  that 
periodic  tests  must  be  made  and  recorded  on  a  register  which 
must  be  subject  to  inspection  on  the  call  of  the  control  service. 
The  return  feeders  must  be  insulated. 

71.  Construction.  While  the  Government  regulations  pres- 
cribe the  use  of  insulated  returns,  we  were  informed  that  in 
general  the  practice  is  to  connect  the  rails  to  the  negative  bus 
and  to  rarely  use  insulated  returns.  Noticeable  exceptions  are 
the  Paris  conduit  system  tramways  using  complete  insulated 
returns,  and  the  Paris  Nord-Sud  Subway  Company  operating 
a  three  wire  system  with  the  rails  as  neutral. 

72.  Conditions.  The  investigation  was  somewhat  limited 
in  France.  In  general  serious  electrolysis  troubles  were  found 
only  in  a  few  situations,  either  created  by  installations  of  heavy 
traffic  electric  lines,  or  by  peculiar  conditions  not  readily  ex- 
plainable. The  maximum  drop  of  potential  between  pipe  and 
rail  measured  by  this  Committee  was  about  6  volts  at  a  loca- 
tion where  trouble  has  been  persistent  and  serious. 

Damage  has  been  caused  in  the  past  to  gas  pipes  in  Paris 
during  the  period  of  transformation  of  the  old  two-wire,  three- 
wire  and  five-wire  systems  of  electric  light  distribution,  but 
all  of  these  troubles  were  only  of  temporary  character  and 
were  promptly  remedied  as  soon  as  discovered. 

Many  suits  (about  twenty)  for  electrolysis  damages  are  being 
tried  in  Paris.  On  account  of  the  situation  created  by  these 
suits  the  Paris  municipality  and  the  government  have  recently 
appointed  a  Commission  to  investigate  the  subject  and  make 
recommendations  rei^arding  the  electrolysis  situation  in  the  City 
of  Paris. 

E.     ENGLAND. 

73.  Laws  and  Ordinances.  The  Board  of  Trade  regulations 
prescribe  that  the  maximum  rail  drop  shall  not  exceed  seven 
volts.    In  practice  the  Board  takes  as  the  voltage  drop  the  mea.^ 
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Detween  the  average  and  the  monientary  maximum  values  for 
the  period  of  a  schedule  run  at  time  of  maximum  traffic,  exclu- 
sive of  exceptional  occasions  like  athletic  games,  etc.  The  per- 
iods assumed  vary  from  15  to  30  minutes.  The  regula- 
tions also  contain  other  requirements,  prescribing  measure- 
ments of  track  leakage,  etc.;  in  actual  practice,  however,  little 
attention  is  paid  to  any  other  requirements  as  long  as  the 
seven  volt  over-all  rail  drop  is  not  exceeded. 

74.  Construction.  Whene\'er  the  resistance  of  the  rails 
Would  give  a  drop  in  excess  of  seven  volts,  insulated  return 
feeders  with  resistances,  or  negative  boosters  are  used;  the 
latter  more  extensively  than  in   any   other  country. 

76.  Conditions.  The  sub-committee  found  that  in  all  the 
several  cities  visited  the  Board  of  Trade  regulations  were  met 
well  within  the  limits.  In  fact,  on  the  average  the  maximum 
drops  measured  in  all  large  cities  ^'isiled  in  the  months  of  June 
and  July  were  about  two  volts. 

The  Board  of  Trade  regulations  are  not  considered  onerous 
by  any  of  the  railway  engineer.^  we  consulted.  All  authorities 
reprei'entiiig  the  [jjpe  owning  companies,  the  railways,  the 
State  telegraph  and  telephone  and  the  Board  of  Trade  were 
unanimous  in  stating  that  the  electrolysis  situation  on  the 
properties  under  their  respective  control  was  entirely  satis- 
factory. 

The  only  question  raised,  and  this  only  by  a  limited  number 
of  pipe  owning  entities,  is  whether  the  electric  railways  should 
not  be  held  legally  responsible  for  any  damages,  even  when 
they  comply  with  the  Board  of  Trade  regulations.  Two  or 
three  attempts  have  been  made  to  have  a  law  passed  by  the 
Parliament  to  this  effect,  and  two  or  three  pipe  exhibits  have 
been  repeatedly  presented  to  jjrovc  electrolysis  damages,  but 
the    Parliament    refused    to   act. 

The  seven  volt  limitation  is  considered  somewhat  of  a  hap- 
hazard empirical  measure  fonnulated  many  years  ago,  but 
having  given  good  results  it  is  considered  good  enough,  though 
it  is  conceded  that  some  more  rational  measure  could  probably 
now  be  devised  to  replace  it.  However,  no  demand  was  dis- 
covered for  a  change  on  the  part  of  anyone  concerned. 
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R    SUMMARY  AND  CONCLUSIONS. 

76.  Germany  through  voluntary  co-operation  has  probably 
remedied  the  former  dangerous  electrolysis  conditions  in  all 
of  its  important  systems.  The  instrumentality  of  agreements 
on  definite  technical  standards  was  sought  in  preference  to 
legislation  for  different  states. 

Italy  will  probably  give  more  consideration  to  the  subject 
of  electrolysis  whenever  the  general  conditions  will  permit. 

France  has  not  been  as  successful  in  bringing  prompt  results 
through  legislation,  as  has  Germany  through  technical  co- 
operation. 

England,  which  has  had  the  benefit  of  Government  regula- 
tion for  many  years,  has  now  no  electrolysis  troubles  nor  dis- 
putes. 

In  Germany  and  England,  the  subject  of  electrolysis  has 
received  extensive  study  and  consideration.  The  attached 
typical  abstracts  of  reports  of  the  German  Earth  Current 
Commission  and  the  appendix  of  the  detail  report  of  the  Sub- 
Committee  are  evidence  of  the  methods  followed  and  the  satis- 
factory results  obtained  abroad  by  adopting  the  following 
measures: 

1st.     Maintenance  of  good  bonding. 

2nd.  Elimination  of  intentional  contacts,  and  liberal  separ- 
ation, whenever  possible,  of  pipes  and  rails. 

3rd.  Avoidance  of  bare  copper  returns  and  use  of  insulated 
returns  in  all  installations  where  the  conductivity  of  the  rail 
alone  would  give  a  too  great  maximum  rail  drop. 

4th.  Use  of  invsuiated  returns  with  balancing  resistances, 
or  to  a  lesser  extent  "boosters,"  for  the  jmrpose  of  maintaining 
equality  of  rail  potential  at  the  feeding  i)oints  of  all  feeders. 

5th.  Small  feeder  drops  and  frequent  substations  to  give 
close  line  regulation. 

77.  Application  to  American  Conditions.  This  study  has  not 
been  made  with  the  object  of  arriving  at  definite  recommenda- 
tions, but  to  point  out  that  disputes  on  account  of  electrolysis 
troubles  have  been  prevalent  in  the  past  in  all  countries  before  sys- 
tematic cooperative  studies  or  regulations  had  been  applied,  not- 
withstanding the  fact  that  the  mode  of  life  and  distribution  of 
population  and  industries  are  more  favorable  than  in  American 
cities.     The  average  weight   of  cars   in  foreign  cities   is  esse-Tv 
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tially  less  than  in  most  American  cities  of  the  same  popu- 
lation and  the  tramway  traffic  and  loads  per  capita  may  be 
one-fifth  or  even  less  in  Europe  than  in  America.  A  city  like 
Berlin  with  over  2,000,000  inhabitants  handles  all  its  trans- 
portation with  a  maximtun  load  of  about  30,000  k.w.  (Chicago 
and  the  adjacent  territory  with  2,600,000  population  requires 
a  maximtun  load  of  about  200,000  k.  w.)  Manchester  with 
a  population  of  1,250,000  and  Glasgow  with  1,000,000  have 
traction  loads  of  11,000  k.  w.  and  11,500  k.  w.  respectively. 
(Boston  and  the  surrounding  territory  served  by  the  same  trac- 
tion system  has  an  approximate  population  of  1,150,000  and 
requires  a  power  station  capacity  of  75,000  k.  w.)  Milan  with 
a  population  of  over  600,000  inhabitants  has  a  traction  load 
of  approximately  8,000  k.  w.  and  Numberg  with  350,000 
inhabitants  uses  only  1000  k.  w.  (The  city  of  Worcester, 
Mass.  with  a  population  of  approximately  160,000  requires 
power  station  capacity  of  7,500  k.  w.)  These  comparisons 
should  not  be  taken  as  a  definite  index  to  comparative  elec- 
trolysis conditions  since  many  other  factors  are  involved. 

Other  similar  statistics  for  smaller  places  are  given  in 
Figure  6,  and  they  should  be  taken  in  consideration  in  applying 
to  this  country  the  results  of  this  investigation  of  foreign  prac- 
tice. Regardless  of  the  degree  of  improvement  which  economical 
limitations  may  make  permissible  to  accomplish  in  local  situa- 
tions, the  fundamentals  for  the  solution  of  the  electrolysis 
problem  evolved  abroad  merit  the  most  careful  study  to 
ascertain  their  possible  application  to  American  conditions. 


G.  REGULATIONS  ADOPTED  AND  PROPOSED. 

78.  Germany — Earth  Current  Commission's  Recommenda- 
tions. Recommendations  of  the  German  Earth  Current  Com- 
mission as  adopted  by  the  Gas,  Water  and  Railway  Interests  of 
Germany. 

Regulations  for  the  protection  of  gas  and  water  mains 
from  the  electrolytic  action  of  currents  from  direct  current 
Electric  Railways  which  use  the  rails  as  a  return. 

Accepted  for  two  years  at  the  yearly  meeting  of  1910 
and  for  a  fiuther  two  years  at  the  yearly  meeting  of  1912. 

Published  in  the  Electrotechnische  Zeitschrift  1910, 
page  491,  and  1911,  page  511. 
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Section  1.    Application  of  Rules. 

The  following  rules  govern  the  installation  of  direct  current 
railways  or  sections  of  direct  current  railways  which  use  the 
rails  for  carrying  the  return  current.  Unless  otherwise  men- 
tioned the  herein  given  admissible  potential  values  should  be 
adhered  to  when  laying  out  new  railways.  For  determining 
the  resistance  of  a  line,  the  rails  only  must  be  taken  into  ac- 
count as  current  carrying  mediums  and  the  assumed  resistance 
of  the  rails,  as  well  as  the  assumed  percentage  increase  of  re- 
sistance due  to  the  bonding,  must  be  stated. 

These  values  must  not  be  exceeded,  either  when  making  the 
necessary  calculations  or  by  the  plant  when  in  actual  normal 
operation. 

These  ndes  do  not  apply  when  railways  are  laid  with 
special  track  or  when  the  rails  are  laid  on  wooden  sleepers, 
in  which  case  there  is  generally  an  air  clearance  between  the 
rails  and  the  stone  ballast.  But  the  rules  do  apply  if  this 
air  clearance  does  not  exist,  as  at  grade  crossings,  unless  an 
equivalent  insulation  is  provided  for  locally.  Further,  these 
rules  do  not  apply  to  railway  lines  which  do  not  approach 
closer  than  200  meters  to  an  underground  pipe  network. 

Explanation.* 

The  regulations  apply  only  to  direct  current  railroads  or 
sections  of  such,  using  the  rails  as  conductors.  Railroads  not 
using  the  rails  as  conductors  are  eliminated  from  the  start, 
because  the  same  do  not  send  any  currents  into  the  earth  and 
therefore  cannot  have  any  damaging  influence  on  the  pipes. 
According  to  the  experience  reached  so  far,  alternating  current 
seems  to  have  very  little  effect,  so  that  any  extension  of  these 
rules  to  cover  also  alternating  current  railways  does  not  seem 
justified.  At  any  rate,  the  conditions  produced  by  alternating 
current  railways  are  not  yet  sufficiently  understood  to  allow  of 
establishing  any  restrictions  in  regard  to  their  equipment  and 
operation  for  the  protection  of  pipes. 

In  case  a  railroad  is  operated  partly  with  direct  current 
and  partly  with  alternating  current,  these  regulations  apply 
only  to  those  sections  the  rails  of  which  carry  direct  current. 
The  fixed  upper  limits  of  permissible  potentials  apply  to  the 
design    of    the    plant,    unless    otherwise    stated,    and  in  the 

•Note:  This  explanation  and  the  others  following  are  included  in  the 
German  Earth  Current  Committees  Recommendations. 
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calculations  only  the  rails  and  the  bonds  are  to  be  considered 
as  far  as  the  conductivity  and  the  resistances  of  the  conductors 
are  concerned.  The  assumed  resistance  of  the  rails  and  the 
increase  of  same  by  the  resistance  of  the  bonds  is  to  be  stated, 
and  such  limiting  values  are  not  to  be  exceeded  either  by  cal- 
culations or  in  practice. 

The  earth  as  a  shunt  is  not  considered.  Through  contact 
of  the  rail  network  with  the  ground,  a  part  of  the  current  passes 
into  the  ground  and  the  potentials  of  the  rail  network  are 
thereby  lowered  as  compared  with  a  case  of  perfect  insulation 
from  the  ground,  the  effect  becoming  greater,  the  more  the 
current  passes  into  the  ground.  It  is,  therefore,  not  correct 
to  take  the  differences  of  potentials  as  found  inmiediately 
after  the  construction  of  a  rail  network  as  a  basis  for  estimating 
the  safety  against  damaging  influences,  but  it  is  necessary  to 
go  back  to  the  first  cause,  that  is  to  say,  the  differences  of 
potential  as  they  would  be  if  the  rails  were  completely  insulated. 

This  nile  allows  of  an  exact  calculation  of  the  conditions 
during  the  design  of  the  plant  without  any  uncertain  and 
varying  values  for  different  localities.  The  limit  values  are 
not  to  be  exceeded  either  during  the  calculations  or  at  the 
actual  practical  test.  The  method  of  the  practical  test  will 
be  discussed  in  Section  3.  The  projection  of  the  plant  is, 
therefore,  to  be  based  on  asstunptions  as  correct  as  possible 
with  regard  to  the  resistance  of  the  rail,  the  cables,  and  the 
consumption  of  current,  and  it  is  advisable  to  consider  also  a 
later  increase  of  the  traffic. 

Railroads,  the  rails  of  which  are  insulated  on  special  road- 
beds, generally  have  such  a  great  resistance  against  the  earth 
that  passage  of  current  into  the  ground  to  be  considered  as 
dangerous  to  pipes  does  not  occur.  Higher  potentials,  there- 
fore, are  permissible  for  such  railroads,  assuming  that  a  suffi- 
cient insulation  is  provided  for  also  on  grade  crossings,  etc. 

As  a  means  to  this  end  are  to  be  considered: 

Insulating  strata  between  rails  and  ground,  for  instance, 
tar  paper,  which  must  extend  on  all  sides  sufficiently  beyond 
the  place  in  question;  or  the  surrounding  of  the  pipes  with 
insulating  material.  Such  places  are  to  be  inspected  from  time 
to  time  to  ascertain  the  effect  of  such  insulation. 

For  the  exemption  from  these  regulations  the  laying  of  the 
rails  on  a  special  roadbed  is  required,  because  it  is  only  in  this 
way  that  a  permanent  insulation  can  be  reached  and   main- 
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tained.  About  the  details  of  the  system  of  insulation  to  be 
used,  no  niles  were  issued.  A  lasting  insulation  is  to  be  guar- 
anteed by  the  way  in  which  the  rails  are  laid.  The  laying 
of  rails  on  wooden  ties  as  mentioned  above  is  intended  as  an 
example  only.  At  any  rate  to  secure  satisfactory  insulation 
it  is  imperative  that  the  rails  be  nowhere  in  contact  with  the 
moisture  of  the  ground,  as  this  greatly  favors  the  passage  of 
the  current  into  the  ground. 

Tracks  which  are  at  all  points  at  least  200  m.  distant  from 
any  pipes  are  exempt,  because  any  current  coming  over  such 
an  extended  area  spreads  to  such  a  degree  that  its  density 
cannot  possibly  be  harmful.  In  this  respect  concession  has 
been  made  to  long  outlying  railway  lines  because  the  subjection 
of  such  to  these  regulations  would  entail  great  economic  disad- 
vantages in  certain  cases.  The  maintenance  of  good  con- 
ductivity on  such  outlying  sections  is  to  be  strongly  recom- 
mended so  as  to  prevent  the  return  currents  from  reaching  a 
dangerous  density  where  such  sections  join  the  rails  of  an 
inner  rail  network,  i.e.,  a  density  exceeding  the  limit  given 
in  Section  5. 

Section  2.     Rail  Conductors. 

All  rails  serving  as  return  conductors  should  be  built  with 
regard  to  this  requirement,  should  be  made  as  good  conductors 
as  possible  and  should  always  be  kept  in  good  order. 

The  percentage  of  increase  of  the  resistance  of  a  given  length 
of  track  due  to  the  bonding  should  not  exceed  the  value  as- 
sumed when  laying  out  the  railway,  and  must  not  be  more  than 
20%  more  than  the  resistance  of  the  same  length  of  track  if  the 
rails  were  without  joints  and  of  the  same  cross  section  and  the 
same  specific  conductivity.  On  laying  out  a  railway  line  con- 
sisting of  main  and  auxiliary  rails,  the  combined  cross  section 
of  both  rails  can  only  be  taken  into  account  when  determining 
theresistanceof  the  track,  provided  the  auxiliary  as  well  as  the 
main  rails  are  properly  bonded  and  cross  bonded. 

At  rail  crossings  and  at  switches,  the  rails  must  be  well 
bonded   by  special  bridge  bonds. 

On  single  tracks  as  well  as  on  lines  where  several  tracks  are 
lying  side  by  side  the  rails  must  be  efficiently  cross  bonded 
and  these  cross  and  bridge  bonds  must  have  a  conductivity 
at  least  equal  to  a  copper  conductor  of  80  square  millimeters. 

At  all  movable  bridges  or  similar  structures  which  neccs- 
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sitate  an  interruption  of  the  rails,  special  insulated  conductors 
have  to  be  provided  which  secure  a  continuous  connection 
between  the  two  rail  ends.  In  such  cases,  the  voltage  drop 
at  average  load  must  not  exceed  5  millivolts  for  each  meter 
distance  between  the  interrupted  rails. 

All  current  carrying  conductors  which  are  connected  to  the 
rails,  must  be  insulated  from  earth,  excepting  short  connec- 
tions such  as  bonds,  cross-bonds  and  bridge-bonds  at  switches 
and  turntables.  If  such  bonds  are  laid  not  deeper  than  25 
centimeters  into  the  earth,  they  may  be  bare  conductors. 

Explanation. 

The  first  condition  for  the  reduction  of  stray  currents  and 
for  the  effectiveness  of  all  the  proposed  precautionary  meas- 
ures, is  the  good  conductivity  of  the  tracks  and  the  maintenance 
of  this  conductivity.  High  resistances  of  the  single  sections 
cause  an  increase  of  the  current  passing  into  the  ground.  The 
maintenance  of  the  good  conductivity  of  the  rails  also  is  to  th** 
economic  interest  of  the  railroad,  because  a  bad  conductivity 
will,  under  certain  circumstances,  cause  loss  of  energy. 

It  is  not  desirable  to  issue  rules  concerning  the  cross-sections 
of  rails  or  for  the  conductivity  of  the  steel  because  the  cross- 
section  and  the  chemical  composition  of  the  steel  are  both 
determined  by  mechanical  considerations;  the  conductivity  is 
dependent  on  the  composition  of  the  steel,  while  the  conductance 
of  the  rail  depends  on  both  the  conductivity  and  the  profile. 

The  resistance  of  a  rail  network  is  widely  influenced  by  the 
quality  of  the  electrical  connections  of  the  rails  at  their  joints. 

The  rules  do  not  recommend  one  or  another  system  of  con- 
nections at  the  joints,  but  give  data  covering  the  permissible 
increase  of  the  resistance  by  such  connections. 

In  consideration  of  the  varying  resistance  of  rails  of  dif- 
ferent profile,  it  is  not  possible  to  establish  a  uniform  per- 
missible resistance  for  a  bond,  but  the  permissible  increase  of 
the  total  resistance  of  a  section  by  all  the  bonds  is  given. 
This  increase  must  not  be  over  20%.  Inside  of  these  limits 
the  designing  engineer  may  assume  any  increase  of  the  re- 
sistance by  the  bond,  but  it  must  be  considered  that  the  increase 
asstuned  must  be  permanently  maintained  later  on  (Compare 
Sections  6  and  3). 

It  will  be  well  to  asstune  diuing  the  design  of  the  plant, 
the  increase  of  resistance  of  the  bonds  as  very  near  the  per- 
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missible  limit.  This  is  very  important  when  shorter  rails  are 
to  be  used,  with  the  consequent  greater  number  of  joints,  the 
maintenance  of  which  is  correspondingly  more  difficult  and, 
therefore,  an  increase  of  resistance  through  deficient  bonds  to 
be  expected.  The  conductivity  of  rails  is  to  be  ascertained 
on  a  number  of  samples  before  the  rails  are  laid,  so  as  to  have 
a  guarantee  that  the  calculated  resistance  will  correspond  to 
the  resistance  of  the  finished  network. 

The  measurement  of  the  resistance  is  made  by  measuring 
the  current  and  the  potential  on  a  rail  as  long  as  possible  and 
insulated  from  its  supports;  the  potential  terminals  should 
include  a  part  of  the  circuit  between  the  current  contacts  and 
they  should  be  at  least  of  0.5  meter  distant  from  these  current 
contacts.  A  simple  calculation  gives  the  conductivity  of  the 
rail  by  using  the  value  shown  by  ammeter  and  voltmeter. 
The  conductivity  of  the  rails  now  in  use  is  generally  found  to 
be  between  4  and  5.5  Siemens. 

In  cases  where  main  and  auxiliary  rails  are  to  be  used  and 
where  the  combined  cross- section  of  both  is  taken  into  cal- 
culation, the  conductivity  of  the  auxiliary  rail  also  is  to  be 
meastu-ed  as  the  same  may  differ  considerably  from  the  con- 
ductivity of  the  main  rail. 

At  crossings  and  switches  a  loosening  of  the  rail  connections 
will  take  place  caused  by  the  vibrations  brought  about  by  the 
passage  of  the  rolling  stock,  for  which  reason  such  places  are 
to  be  bridged  specially  by  electrical  conductors.  The  cross 
connections  serve  the  purpose  of  eliminating  differences  of 
potentials  between  tracks  running  side  by  side  and  also  to 
insure  a  good  metallic  connection  between  the  rails  on  one  side 
of  a  track  in  the  case  of  a  temporary  low  conductivity  of  single 
joints  or  interruptions. 

It  seems  advisable  in  consideration  of  the  different  length  of 
rails,  not  to  give  an  absolute  distance  between  the  cross-con- 
nections, but  to  establish  their  number  by  the  number  of  joints. 
The  bonds  and  cross-connections  may  be  of  any  material  as 
long  as  their  conductivity  reaches  at  least  that  of  a  copper 
connector  of  80  square  mm.  For  the  connection  of  interrupted 
tracks,  as  for  instance  at  movable  bridges,  insulated  cables  are 
required  because  of  the  presence  of  water  or  other  substances 
in  the  soil,  which  highly  favor  the  passage  of  currents  into 
the  ground.  The  highest  permissible  drop  in  potential  at 
average  load  has  been  fixed  at  5  millivolts  per  meter  distance 
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between  the  places  of  interruption,  to  insure  a  small  difference 
of  potential  between  these  points. 

Furthermore  care  is  to  be  taken  that  the  tracks  in  a  movable 
bridge  are  in  good  contact  with  the  tracks  on  both  sides  of  it. 
The  following  is  an  example  of  the  calculation  of  a  cable  bridg- 
ing across  the  gap. 

When  the  distance  between  the  tracks  at  the  point  of  inter- 
ruption equals  30  meters,  the  permissible  difference  of  potential 
therefore  is  5  X  30  which  equals  150  millivolts.  The  current 
to  be  carried  across  is  assumed  to  be  120  amperes  and  the 
length  of  cable  30  meters.  Assuming  a  specific  resistance  of 
17.5  milliohms  per  meter  and  square  millimeter,  the  resulting 
cross-section  is: 

17.5  X  LI  17.5  X  30  X  120 

a  =    =   r^TT =  420  sq.  mm. 

e  150 

Inasmuch  as  the  increase  of  the  surface  contact  between 
the  conductors  and  ground  results  in  an  increase  of  the  cur- 
rent passing  from  the  conductors  into  the  ground,  the  con- 
ductors connected  to  the  rails,  especially  those  lying  deep 
enough  to  come  into  contact  with  the  moisture  of  the  ground, 
are  to  be  insulated  conductors.  Only  short  connections  such 
as  jumpers  on  crossings  and  switches,  are  exempt  from  this 
rule  on  account  of  the  same  not  lying  deeper  than  25  cm. 
under  the  surface,  which  means  that  they  hardly  come  into 
contact  with  the  moisture  of  the  ground.  The  increase  of 
surface  of  the  contacts  with  the  ground  by  these  conductors, 
is  too  small  in  proportion  to  the  total  surface  of  the  rail  net- 
work to  cause  any  apprehension  regarding  the  currents  passing 
into  the  ground. 

vSection  3.     Rail  Potential. 

A  railway  network  is  divided  inlo  two  sections,  first,  the 
open  road  connecting  the  various  townships,  and  second,  the 
urban  network. 

In  the  urban  network  and  for  a  distance  of  2  km.  beyond, 
the  voltage  drop  between  any  two  rail  points  should  never 
exceed  2.5  volts  when  the  line  is  working  under  normal  con- 
ditions, and  the  drop  in  the  rails  for  each  kilometer  of  open  road 
should  not  exceed  1  volt.  Occasional  night  cars  are  not  to  be 
considered  in  determining  the  average  load. 
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local  rail  network,  the  total  voltage  drop  in  the  rails  must  not 
exceed  2.5  volts  from  end  to  end  of  the  township's  pipe  network. 

Any  apparatus  which  is  supplied  with  current  and  which  is 
connected  to  the  railway  network  must  not  increase  the  volt- 
age drop  above  the  stated  limits. 

If  various  railway  systems  are  connected  together  either 
through  the  medium  of  the  rails  or  through  the  power  station, 
each  system  must  fulfill  the  above  conditions.  A  rail  system 
in  a  township  with  an  independent  pipe  network  has  to  comply 
with  the  above  regulations  also. 

Exceptions  from  these  rules  in  regaid  to  the  voltage  drop  in 
a  railway  network  are  admissible  if  local  conditions  and  service 
necessitate  and  justify  such  exceptions.  If,  for  instance,  the 
service — as  is  the  case  in  freight  yards — covers  only  a  small 
portion  of  the  day,  the  above  limits  of  rail  drops  may  be  ex- 
ceeded. In  yards  with  a  service  up  to  3  hours  daily,  double 
the  above  values  are  permitted,  and  with  a  service  up  to  one 
hour,  four  times  the  above  values  are  allowed. 

Explanation. 

As  mentioned  in  Section  1,  the  rail  network  is  to  be  con- 
sidered as  insulated  from  the  ground,  so  that  the  earth  as  a 
shunt  is  not  considered. 

The  resistances  of  the  single  sections  are  to  be  calculated 
from  the  resistance  of  the  rails  under  observance  of  the  rules 
in  Sections  I  and  2. 

For  the  calculation  of  the  i)otentials  the  value  of  the  average 
current  is  to  be  used,  as  the  magnitude  of  electrolytic  decom- 
position of  the  pipe  metal  depends  on  the  quantity  of  current, 
that  is  to  say,  the  product  of  current  and  time.  The  highest 
values  have  not  to  be  considered  for  the  calculations.  To  find 
the  consumption  of  current  the  average  service  as  per  schedule 
has  to  serve  as  the  base. 

The  average  current  consumed  on  single  sections  can  be 
calculated  from  the  number  of  car  km.  or  ton  km.  to  be  covered, 
by  using  the  value  for  the  consumption  of  current  which,  ac- 
cording to  experience,  and  in  consideration  of  the  local  con- 
ditions, is  used  for  one  car  km.,  or  ton  km. 

But  it  is  also  permissible  to  distribute  the  consumption  of 
current  over  the  whole  net  in  a  way  corresponding  to  the  loca- 
tions of  the  single  trains  at  the  time  of  the  average  load  and  to 
calculate  for  each  train  the  consumption  of  current  taking  into 
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consideration  the  weight  of  the  cars,  the  speed  and  operating 
conditions  (grades,  stops). 

In  regard  to  the  schedule,  the  difference  between  summer 
and  winter  service  is  to  be  considered.  The  increase  at  regular 
intervals,  as  for  instance  on  Sundays,  is  to  be  taken  into  ac- 
count. Small  deviations  from  the  schedule,  as  for  instance, 
single  night  cars,  or  auxiliary  cars,  shall  not  be  considered, 
because  the  first  would  reduce  the  average  value  out  of  pro- 
portion, and  the  frequency  of  the  second  cannot  be  estimated 
at  the  time  of  the  calculations  and  otherwise  are  not  of  any 
appreciable  influence  on  the  final  results. 

It  is  impossible  to  get  regulations  embracing  all  conditions 
and  possibilities  and  it  is  therefore  necessary  to  consider  all 
peculiarities  of  a  plant  during  its  projection.  If  there  are  any 
additional  places  connected  to  the  rails,  where  current  is  used 
for  stationary  motors,  station  lighting,  etc.,  these  are  to  be  con- 
sidered. 

After  the  drops  in  potential  on  the  central  sections  have 
been  tabulated,  based  on  the  above  calculations,  the  distribu- 
tion of  the  potential  in  the  rail  network  can  be  found.  In 
addition  to  the  foregoing  data  for  the  calculation  of  the  drop 
in  potential  on  the  single  sections,  consideration  is  to  be  given 
to  the  proposed  return  cables  and,  in  case  of  a  three  wire  system, 
to  the  direction  of  the  current  in  the  districts  of  different  polarity. 

Difference  in  potential  between  any  two  points  of  the  rail 
network  must  answer  the  following  conditions: 

Around  every  individual  pipe  network  (meaning  a  network 
not  in  metallic  contact  with  any  other  network)  and  also 
around  single  pipes,  a  zone  of  two  hundred  m.  is  to  be  circum- 
scribed and  all  tracks  lying  outside  of  this  zone  are  not  to  be 
considered  in  connection  with  these  regulations,  as  per  last  ])art 
of  Section  1. 

For  each  of  the  rail  branches  lying  inside  of  these  individual 
pipe  networks,  the  following  rules  ap]:)ly: 

If  there  are  any  branches  of  the  railroad  inside  of  a  pipe  net- 
work, including  the  200  m. -zones,  a  belt  2  km.  wide  is  to  be 
laid  around  the  inner  rail  network.  Inside  this  belt  the  po- 
tential of  the  rails  between  any  different  points  must  nowhere 
exceed  2.5  v.,  as  long  as  no  ])ortion  of  the  rails  is  more  than 
200  m.  distant  from  the  nearest  pipe  alonj^^  its  total  length 
(Compare  Fig.  7.). 

On  the  sections  outside  the  2.5  v.  districts,    the    drop    in 
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potential  must  not  exceed  1  v.  per  km.  This  applies  to  out- 
lying sections  which  are  shown  in  Fig.  7  by  heavy  dotted 
lines. 

In  the  case  of  a  railroad  with  no  branches  (country  roads) 
and  a  pipe  network,  the  drop  in  potential  inside  the  pipe  net 
work  must  not  exceed  2.5  v.  (Compare  Fig.  8).  The  rule 
establishing  a  drop  of  1  v.   per  km.  states  that  the  current  in 

the  track  must  not  exceed  t7>»  if    W  is   the   resistance    of    the 

W 

track  in  ohms  per  km.  For  a  uniform  load  of  a  section  of  L 
km.  length  and  a  uniform  resistance,  the  permissible  drop  in 

potential  =  s"  v.  i,e,  ^  drop  in  one  rail.     The  calculation  of 

this  drop  also  is  based  on  the  average  load,  according  to  the 
schedule. 

Strict  rules  have  been  issued  for  the  interior  rail  network 
with  its  many  branches,  as  it  mostly  covers  the  same  area  as 
the  pipe  network.  This  has  been  done  in  consideration  of 
the  greater  surface  of  contact  between  ground  and  rails  and 
pipes  respectively  which  increases  the  probability  of  a  passage 
of  ciurent  through  the  ground.  The  potential  of  2.5  volts 
for  this  district  has  been  judged  permissible  because,  according 
to  the  results  of  previous  investigations,  it  is  to  be  assumed 
that  this  potential  will  not  under  ordinary  conditions  cause 
any  danger  to  pipe  lines  beyond  the  practical  limits.  To  avoid 
as  much  as  possible  any  greater  concentrations  of  ground  and 
pipe  currents  at  the  outlying  sections  which  immediately  join 
the  inner  rail  network,  and  where  important  parts  of  the  pipe 
network  often  extend,  strict  rules  have  been  issued  covering 
the  district  inside  the  2  km.  belt  around  the  inner  rail  network. 

For  the  outlying  section  an  economical  advantage  has  been 
contemplated  by  limiting  the  drop  in  potential  to  1  v.  per  km. 
Railroads  interconnected  by  their  rail  networks  or  by  a  common 
power  plant  are  to  be  considered  as  one  system  because  such 
railroads  influence  each  other,  inasmuch  as  equalizing  currents 
will  flow  between  their  rail  networks. 

Deviations  in  both  directions  from  these  potentials  can  be 
justified  by  certain  circumstances — ^in  case  of  especially  good 
conditions  of  the  ground,  that  is  to  say,  in  very  dry  dirt  an 
increase  of  the  potentials  may  be  permissible.  But  even  in 
such  cases  it  is  advisable  to  be  cautious  in  allowing  such  an 
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increase,  so  as  not  to  violate  the  rules  as  given  in  paragraph  5. 
Where  the  conditions  are  unfavorable,  for  instance,  where 
moist  ground  of  especially  high  conductivity  prevails,  it  is 
advisable  to  remain  below  the  limits.  For  railroads  with  brief 
daily  operation  concessions  have  been  made  because  damage 
to  the  pipes  depends  upon  the  duration  of  the  influence  of  the 
current  so  that,  considering  the  short  time  of  operation,  even 
greater  currents  cannot  cause  any  appreciable  damage  to  the 
pipes. 

For  railroads  of  three  hours  daily  operation  double  drop  in 
potential  is  allowed,  while  for  railroads  of  one  hour  operation,  four 
times  the  drop  is  permissible.  Wherever  the  rail  network  is  not 
sufficient  to  carry  the  current  without  exceeding  the  per- 
missible potential  in  the  network,  the  whole  plan  for  the  return 
of  the  current  must  be  altered,  and  improvement  will  be  reached 
by  providing  return  cables  in  which,  if  necessary,  resistances 
or  boosters  may  be  inserted.  The  resistances  should  be 
variable  so  as  to  correspond  with  the  variable  conditions  of 
service  and  operation.  In  cases  where  the  railroad  system 
is  fed  from  several  power  plants  a  reduction  of  the  drop  in 
potential  in  the  rails  may  be  brought  about  by  shifting  the 
loads  of  the  several  power  plants. 

The  arrangement  of  the  cables  and  resistances  can  be  made 
in  so  many  different  ways  as  to  make  a  general  rule  for  all 
cases  impossible.  It  is  recommended  to  investigate  thoroughly 
the  cases  under  obser\^ation,  because  considerable  saving  in  the 
construction  and  operation  of  the  plant  may  be  achieved  by  a 
careful  layout. 

The  keeping  of  the  return  points  at  the  same  potential  is 
recommended  as  a  precautionary  measiu-e  but  not  required. 
The  same  offers  a  certain  guarantee  of  the  possibility  to  keep 
the  difference  of  potential  within  the  2.5  V.  limits. 

Furthermore,  the  use  of  the  3  wire-system  with  the  rails  as 
a  neutral  conductor  is  worthy  of  consideration.  In  this  sys- 
tem the  difference  of  potential  in  the  rails  depends  on  the  dis- 
tribution of  the  positive  and  negative  feeder  districts.  This 
distribution  again  depends  on  the  local  conditions  of  the  plant, 
so  that  no  general  rules  can  be  given  in  regard  to  it. 

Alterations  of  the  conditions  of  operation  can  be  counter- 
acted by  switching  the  load  to  the  positive  or  negative  side 
of  the  system.  The  rules  do  not  recommend  any  certain  sys* 
t^m,  but  leav^  it  wtirely  to  the  projecting  engineer  to  select 
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the  one  best  adapted  to  existing  conditions.  The  damage  to 
pipes  takes  place  mostly  at  points  of  low  potential  on  two- 
wire  railroads,  in  the  neighborhood  of  the  return  points;  and 
on  three-wire  railroads,  in  the  districts  of  negative  feeders,  be- 
cause it  is  mainly  here  that  the  current  leaves  the  pipes. 
It  is  advisable  to  place  the  return  points  of  the  negative  feeder 
districts  whenever  possible  in  locations  with  dr}^  ground  of 
low  conductivity  and  as  far  as  possi])le  from  such  pipe  lines  as 
are  of  importance  for  the  water  and  gas  supi)ly. 

The  permissible  limits  of  differences  in  potential  in  rails 
must  not  exceed,  either  according  to  calculations,  or  at  the 
practical  trial,  the  limits  given  in  Section  1  of  these  rules. 
The  measurement  of  the  difference  in  ])otential  is  made  by  means 
of  test  wires  as  called  for  in  Section  0.  The  measurements 
of  differences  in  potential  are  limited  to  those  i)oints  which, 
according  to  the  calculations,  come  nearest  to  the  established 
limits.  Wherever  long  lines,  as,  for  instance,  telephone  wires, 
are  available,  it  is  advisable  to  use  them  for  these  measure- 
ments, otherwise  several  test  wires  may  be  connected  in  series 
or  temporary  test  lines  may  be  installed:  finally,  the  results 
of  single  measurements  may  be  computed  to  reach  the  same 
final  results.  Only  high  resistance  voltmeters  should  be  used 
for  these  measurements  so  as  to  make  the  resistances  of  the 
test  wire  and  contacts  negligible.  The  pointers  of  these  in- 
struments should  have  the  slowest  movements  and  a  good 
damper  arrangement,  so  as  to  give  good  readings  even  under 
strong  fluctuations.  For  all  measurements  only  average  values 
are  considered.  All  measurements  are  to  be  extended  over  a 
full  period  of  operation  which  results  from  the  average  frequency 
of  trains. 

Section  4.     Resistance  between  Rail  and  Earth. 
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or  lie  near  the  surface,  be  kept  as  great  as  possible,  and  should 
never  be  less  than  one  meter. 

Stationary  motors,  lighting  installations  or  any  other  plant 
which  receives  current  from  a  railway  system  which  uses  the 
rails  for  carrying  the  return  current,  must  be  connected  to  the 
rail  network  by  means  of  insulated  conductors.  Excepted  are 
short  connections  of  not  more  than  16  square  millimeters  which 
are  not  deeper  than  25  centimeters  in  the  ground  and  which 
are  at  a  distance  of  at  least  1  meter  from  any  part  of  a  pipe 
network.  These  connections  may  be  of  bare  metal.  In  order 
to  increase  the  resistance  between  rail  and  ground  it  is  recom- 
mended to  use  a  bedding  of  high  resistance  and  to  provide 
good  drainage,  also  to  render  the  bedding  water-tight  to  the 
roadbed  for  a  sufficient  width  on  both  sides  of  the  rail. 

The  use  of  salt  for  the  melting  of  snow  and  ice,  should  be 
limited  to  cases  of  absolute  necessity. 

Wherever  sufficient  distance  between  the  rail  and  such  parts 
of  the  pipe  line  as  project  above  the  surface  is  not  obtainable, 
it  is  advisable  to  change  the  pipe  run,  or  where  this  is  not  pos- 
sible, to  use  insulating  strata  (such  as  vitrified  clay,  masonry 
or  wooden  conduits,  etc.). 

Explanation. 

The  magnitude  of  currents  passing  into  the  ground  depends 
not  only  on  the  potentials  in  the  rail  network,  but  also  on  the 
resistances  between  the  rails  and  the  pipes  and  on  the  resist- 
ances of  the  pipe  lines  themselves.  It  will  always  be  of  advan- 
tage to  increase  the  resistance  of  the  ground  between  the  rails 
and  the  pipes.  An  artificial  increase  of  the  resistances  of  the 
pipe  line  can  be  achieved  for  instance,  by  the  use  of  insulating 
flanges,  couplings,  etc.  Aside  from  the  technical  difficulties  of 
installing  such  insulating  parts  into  gas  pipes,  and  especially 
water  pipes  with  a  high  pressiu'e,  and  of  insiu'lng  their  lasting 
tightness,  it  would  be  difficult  to  provide  these  instdating 
pieces  in  the  necessary  numbers  and  to  take  care  of  their  correct 
distribution.  A  wrong  arrangement  of  the  same  will  lead  to  an 
extraordinary  concentration  of  currents  at  these  insulations 
with  consequent  corrosion  in  these  places.  A  greater  part  of 
the  drop  in  potential  between  pipe  and  rail  originally  takes 
place  in  the  roadbed  as  can  be  easily  understood  and  it  is  there- 
fore required  to  render  this  resistance  as  high  as  possible  by 
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the  good  insulation  of  the  roadbed,  good  drainage,  etc.,  and  to 
maintain  it  thus. 

In  the  same  measure  that  the  increase  of  the  resistances 
between  rail  and  pipe  is  recommended,  the  use  of  any  means 
to  reduce  these  resistances,  is  to  be  warned  against.  Such 
means  to  be  considered  are  ground  plates,  connections  of  metals 
in  the  ground,  and  especially  metallic  connections  between  the 
rails  and  the  pipes.  The  last  will  reduce  the  density  of  the 
current  at  the  point  of  connection  to  the  pipe,  but  they  cause 
an  increase  of  the  pipe  current  and  of  the  ground  currents  in 
general  which  may  cause  damage  in  other  places,  as,  for  in- 
stance, at  interruptions  in  the  pipe  line  or  at  crossings  with 
other  lines.  Any  local  mea^-ure  taken  musi  be  considered  with 
regard  to  its  effect  on  the  pipes  in  other  locaHlies. 

Metallic  connections  between  different  i)ipe  networks  also 
are  to  be  judged  from  this  viewpoint.  Immediate  contact  of 
any  parts  of  the  pipe  lines  with  the  rails,  or  too  close  an  ap- 
proach, has  the  same  effect  as  direct  metallic  connections  and 
is,  therefore,  to  be  avoided.  (By  a  re-localion  of  rails  or  pipes 
or  installation  of  insidating  strata). 

Especially  in  cases  of  stationary  motors  or  lighting  plants 
connected  to  the  railroad  system,  there  exists  on  the  premises 
danger  of  an  accidental  or  deliberate  connection  or  contact 
with  the  pipe  lines.  It  is,  therefore,  necessary  to  have  strict 
rules  regarding  the  return  ca])les  from  such  plants. 

vSeCTION    5.       ClRKliNT    DENSITY. 

The  above  ndes  are  iniendcd  to  ])rcvcnL  the  destruction  of 
the  pipes  by  electrolysis.  T\\c  rale  of  destruction  is  in  direct 
proportion  to  the  anunini  of  current    lca\'ing  the  pipe. 

Any  pipe  line  where  the  current  leavin^^  the  pi])e  exceeds  an 
average  density  of  0.75  millianipere  per  square  decimeter  and 
where  this  current  is  (hie  to  a  rail\va\-,  may  be  considered  en- 
dangered i)y  this  raihvav,  an<i  furllier  ])reventive  measures 
must  be  taken. 

For  railways  witli  frei^^hl  service  wlien  tlie  service  is  of  com- 
paratively short  duration,  exeepiious  as  already  mentioned  are 
permissible. 

In  cases  where  the  current  leavini;  or  passing  into  the  pipes 
changes  its  direction,  the  eiuTent  passin;^  into  tlie  pipe  must 
be  taken  as  nil  when  deierniinini;  the  average  density,  until 
further  experience   has   been   gained   in   llus.  \\\aVV^t. 


1776  EUROPEAN    PRACTICE 

Explanation. 

Inasmuch  as  a  total  elimination  of  all  damages  to  pipes  would 
be  in  most  cases  possible  only  at  a  disproportionately  high 
cost,  which  would  far  exceed  the  cost  of  any  possible  damage  to 
the  pipes,  it  is  necessary  to  allow  a  certain  limited  damage, 
that  is  to  say,  a  damage  which  is  of  little  practical  importance 
and  which  does  not  noticeably  shorten  the  life  of  the  pipes. 
These  rules  have  therefore  been  compiled  on  the  basis  of  the 
average  conditions,  that  is  to  say,  such  as  are  mostly  met  with, 
and  it  is  to  be  expected  according  to  ]jrevious  experience  that 
the  damage  done  to  pipe  lines  by  the  stray  currents  from  elec- 
trical railways,  generally  will  remain  limited  to  the  practical 
allowable  limit  wherever  these  rules  are  observed.  Under 
exceptionally  bad  conditions,  that  is  to  say,  under  conditions 
which  very  much  favor  the  origin  of  stray  currents,  greater 
corrosion  of  pi])es  in  certain  places  can  hardly  be  avoided, 
even  if  the  limits  of  the  drop  in  the  potential  in  the  rails,  as 
laid  down  in  Section  3,  are  not  exceeded.  It  is,  therefore, 
advisable  to  establish  some  measure  for  the  elimination  of 
immediate  danger  to  the  pipes. 

For  the  judgment  of  the  damage  attributed  to  a  railroad 
system  the  density  of  the  current  leaving  the  pipes  and  return- 
ing to  the  railroad  system  is  indicative. 

The  density  of  the  current  at  the  pipe  can  be  meatsured  only 
after  the  completion  of  the  plant.  These  measurements  must 
be  made  during  the  time  of  operation,  as  per  schedule,  and  as 
described  in  Section  3.  The  average  density  is  important 
and  is  obtained  from  the  computation  of  the  results  of  several 
measurements,  each  of  which  follows  a  whole  period  of  service. 

Measurements  of  current  density  can  be  made,  for  instance, 
by  means  of  a  milliammeter  and  non-])olarizable  frame  as  de- 
signed by  Prof.  Haber.  This  frame  contains  two  copper  plates 
which  are  insulated  from  each  other  and  which  foi  the  pre- 
vention of  polarization  are  covered  with  a  paste  of  copper 
sulphate  and  20%  sulphuric  acid,  over  which  a  parchment,  soaked 
with  sodium  sulphate  is  laid.  The  frame  is  filled  with  dirt 
except  between  the  plates,  and  placed  alongside  the  pipe  at 
right  angles  to  the  assumed  direction  of  the  current  and  then 
covered  with  dirt.  A  very  sensitive  ammeter  connected  to 
the  copper  plates  will  indicate  the  current  passing  through 
the  frame  and  the  density  of  this  current  can  readily  be  cal- 
culated by  taking  into  account  the  surface  of  the  copper  plates 
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inside  the  frame.  Inasmuch  as  here  also  only  average  readings 
are  to  be  considered,  it  is  advisable  to  use  an  instrument  with 
very  slow  period. 

According  to  investigations  made  so  far,  absolute  danger  to 
the  pipes  results  whenever  the  density  of  the  currents  leaving 
the  pipes  reaches  the  average  value  of  0.75  milliampere  per 
square  dcm.  For  railroads  with  small  periods  of  operation 
an  excCvSS  up  to  double  and  quadruple,  respectively,  the  above 
value  is  permissible  according  to  the  rules  laid  down  in  Sec- 
tion 3. 

Wherever  the  direction  of  the  current  changes,  the  currents 
entering  the  pipes  are  not  to  be  considered  in  the  calculations 
of  the  average  density,  inasmuch  as  it  is  not  as  yet  established 
that  such  currents  will  add  to  the  melal  of  the  ])i])es.  Wherever 
the  average  values  are  exceeded,  especial  ])recaulionary  meas- 
ures are  to  l)e  taken,  the  nature  of  which  can  be  delennined 
only  by  the  local  conditions.  In  many  cases  it  is  sufficient  to 
protect  a  very  limited  section  of  the  rail  network,  to  which 
end  the  further  reduction  of  the  dro])  in  the  rails  may  not  be 
necessary,  but  which  may  be  attained  l:)y  other  means  as,  for 
instance,  the  re-location  of  short  sections  of  tracks  or  pipes, 
or  the  artificial  increase  of  the  resistances  ])etween  rails  and 
pipes  at  such  ])oints. 

In  all  cases  the  question  arises  whether  ihc  railroad  is  to  be  con- 
sidered as  the  only  cause  of  current  concentration,  as  other  causes 
may  be  found  to  be  res])onsible  for  a  part  of  the  current  on  the 
pipes;  for  instance,  bare  neutrals  or  poor  insulation  in  other 
electrical  systems,  the  natural  elecirical  elements  resulting 
from  the  use  of  ditlerent  metals  in  the  pi])e  lines,  or  from  dif- 
ferent chemicals  in  solution  in  the  ground.  That  |)art  of  the 
current  which  is  attributable  to  the  inlluenee  of  the  railroad 
can  be  determined  ])y  comparison  with  the  measurements  of  the 
current  during  the  period  of  no  operation.  In  many  cases  the 
influence  of  the  raih'oad  can  be  judged  from  eontemporaneous 
measurements  of  current  densiiy  and  the  ])otential  l)etween 
pipe  and  rail.  Under  certain  eircumsianees  it  is  ])ossil)le  to 
find  the  degree  of  influence  of  the  raih'oad  and  ot"  otlier  electrical 
plants  operating  at  the  same  time,  1)\'  esial)lishing  the  course 
of  the  current  in  the  gnjund.  Vov  tliis  investigati(jn  elec- 
trodes that  cannot  be  polarizevl  are  used  as  contacts  from  the 
test  line  to  the  ground.  The  measurements  should  preferaljly 
be  made  by  the  potentiometer  niethod  \\\  nTv\e\-  \A^  v:\\w"\\\\'5^-^ 
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drop  at  the  electrodes  due  to  the  current  flow,  but  this  method 
is  difficult  in  practice  on  account  of  the  rapid  fluctuations  of 
the  voltage.  It  will  be  sufficient  in  most  cases  to  make  the 
measurements  with  a  voltmeter  of  very  high  resistance  so  that 
the  current  passing  through  the  electrodes  will  be  very  small. 
It  should  be  emphasized  that  such  measurements  should  be  made 
by  experts  only,  as  deviations  from  the  right  method  which 
seem  of  no  importance  often  give  useless  results. 

Section  6.     Control. 

In  order  to  be  able  to  test  the  potential  at  the  return  points 
of  the  rail  system  of  a  given  territory,  pilot  wires  are  to  be 
connected  to  these  points  and  carried  to  a  central  testing  place. 

Before  a  service  may  be  increased  the  potential  distribution 
in  the  rail  network  must  be  retested. 

The  rail  bonds  and  bridge  connections  are  to  be  retested 
once  yearly  by  means  of  a  suitable  rail  joint  tester  and  must  be 
arranged  so  that  they  fulfill  the  rules  of  Sections  1  and  2.  Con- 
nections the  resistance  of  which  has  been  found  greater  than 
that  of  an  uninterrupted  rail  of  10  meters  length  must  be  re- 
paired to  comply  with  these  rules. 

Explanation. 

• 

The  control  of  the  drop  in  potential  in  the  whole  network 
would  be  best  assured  by  the  installation  of  test  wires  from 
one  of  the  buses  to  all  points  of  probable  highest  and  lowest 
rail  potential,  which  arrangement  admits  of  immediate  measure- 
ment of  potential  between  these  points. 

In  certain  cases,  especially  in  existing  plants,  the  installation 
of  such  test  wires  would  involve  great  cost.  Such  test  wires 
from  all  of  the  important  rail  points  were  not  required:  but  it 
has  been  ruled  that  all  points  of  the  rail  network,  to  which 
cables  of  the  same  district  are  now  connected,  are  to  be  pro- 
vided with  test  wires  which  have  to  run  to  some  central  point 
where  readings  of  the  differences  of  potentials  between  the 
return  points  can  be  taken. 

Wherever  the  expense  involved  permits,  it  is  recommended 
to  install  test  wires  not  only  to  the  return  points  but  also  to 
the  points  of  highest  rail  potentials. 

After  permanent  changes  in  the  operation,  the  distribution 
of  the  potential  in  the  rail  network  is  to  be  investigated  in  the 
same  way  as   after  the    inaugiu^ation   of   the  plant,   in   order 
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to  ascertain  whether  the  new  conditions  still  correspond  to 
the  rules. 

In  case  of  temporary  changes  of  short  duration  in  the  whole 
network  or  parts  of  the  same  as,  for  instance,  occasionally 
some  festival,  change  or  repair  of  tracks,  fairs,  exhibits,  etc., 
no  special  measures  are  to  be  taken  because  the  short  duration 
of  the  influence  will  cause  no  noticeable  damage  even  when 
the  limits  of  these  rules  are  exceeded. 

The  yearly  investigation  of  the  rail  joints,  as  required  by  the 
rules,  is  also  to  be  recommended  with  regard  to  the  reduction 
of  losses  of  energy.  For  these  measurements  an  apparatus 
may  be  used  which  allows  of  the  comparison  of  the  drop  in 
potentials  across  the  joint  with  one  of  the  adjoining  uninter- 
rupted rails  so  that  the  mecisurement  may  be  taken  during  the 
operation.  Joints  of  a  resistance  higher  than  that  of  an  un- 
interrupted rail  of  10  m.  length  are  immediately  to  be  repaired. 
The  total  resistance,  as  found  by  the  measurement  of  the 
single  joints,  must  not  exceed  the  value  which  has  been  as- 
sumed during  the  projection  of  the  plant  (compare  Section  2, 
paragraph  2). 

Should  it  result  during  operation  that  rail  joints  are  of  a 
higher  resistance  than  that  assumed  in  the  designing  it  is 
permissible  to  abstain  from  a  re-construction  of  the  joints 
as  long  as  the  permissible  difference  of  potentials  in  the  rails 
is  not  exceed eci,  even  with  these  higher  resistances.  The 
established  limits  of  20^^^  increase  of  the  resistance  of  the 
uninterrupted  rail  by  the  bonds  must  not  be  exceeded  in  any 
case. 

79.  France — Regulations    by     Minister    of    Public     Works 

Circular  and  order  of  the  Minister  <>f  Public  Works  (France) 
of  March  21,  1911,  establishing  the  technical  conditions  which 
electrical  distril)Ution  systems  iiuisl  satisfy  in  order  to  conform 
to  the  law  of  June  1."),  1900.     (  Pa-es  25-27) 

Section  III.     Rhcul.vtions  Rhlativi::  to  the  Construction 

OF     StRUCTI'RES     for     Iw.ECTRIC     RAILWAYS     ISINi;     DiRECT 

Cl'RRICXT.' 

DISTRIBITION    POTENTIAL    FOR    RAILWAYS. 

Art.  27.  The  requirements  of  art.  3,  |)aragraph  4;  of  art.  5 
paragraph  2(3;  4  and  0  of  art.  25,  and  of  the  tlvs^t^  Vnno  ^v^qnaq^w^ 
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of  paragraph  3  of  art.  31  do  not  refer  to  trolley  wires,  nor  their 
supports,  nor  the  other  lines  placed  upon  these  supports,  nor 
those  not  upon  the  public  highway,  nor  those  inaccessible  to 
the  public,  if  the  potential  between  these  conductors  and  ground 
is  not  greater  than  1000  volts. 

1.  Electric  traction  projects  using  alternating  current  should  be  sub- 
mitted to  the  Minister  of  Public  Works  in  all  cases  where  discribution  is 
upon  the  public  highway. 

RIGHT  OF  WAY. 

Art.  28.  When  the  rails  are  used  as  conductors,  all  necessary 
measures  should  be  taken  to  guard  against  the  harmful  action 
of  stray  currents,  on  metallic  structures,  such  as  the  tracks 
of  railways,  the  water  and  gas  pipes,  the  telegraph  or  tele- 
phone lines  and  all  other  electric  conductors,  etc. 

To  this  end  the  following  regulations  shall  be  applied: 

1.  The  conductance  of  the  tracks  shall  be  known  to  be  in 
the  best  possible  condition,  especially  in  regard  to  the  joints, 
whose  resistance  should  not  exceed,  in  each  case,  that  of  10 
meters  of  the  normal  track. 

The  management  is  required  to  verify  periodically  this  con- 
ductance and  to  place  the  results  obtained  on  file,  which  shall 
be  accessible  to  the  administration  upon  demand. 

2.  The  drop  in  potential  in  the  rails,  measured  upon  a  length 
of  track  of  1  kilometer  taken  arbitrarily  upon  any  section  of 
the  system,  should  not  exceed  an  average  value  of  1  volt  for 
the  operating  period  of  the  normal  car  schedule. 

3.  The  feeders  tied  into  the  track  shall  be  insulated. 

4.  Where  the  tracks  contain  switches  or  crossings,  the  con- 
ductance shall  be  maintained  by  special  work. 

5.  When  the  track  crosses  a  metallic  structure,  it  should 
be  electrically  insulated,  as  much  as  possible,  throughout  the 
length  of  the  structure. 

6.  As  long  as  no  metallic  structure  is  in  the  neighborhood 
of  the  tracks,  a  drop  in  potential  greater  than  that  fixed  in 
paragraph  2  may  be  allowed,  upon  the  condition  that  no  dam- 
age will  result,  and  particularly  no  trouble  to  telegraphic  or 
telephonic  communication,   and   none   to  railway  signals. 

7.  The  owner  of  the  distribution  system  shall  be  required 
to  make  the  installations  necessary  to  enable  the  administra- 
tion  to  verify  the  fulfillment  of  the  provisions  of  this  article; 
it  should  partictilarly  provide,   whenever  necessary,   for   pilot 
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wires   to   be  installed   between   designated   points   of  the  dis- 
tribution system. 

PROTECTION  OF  NEIGHBORING  AERIAL  LINES. 

Art.  29.  At  all  points  where  the  lines  feeding  the  traction 
system  cross  other  distribution  lines,  or  telegraph  or  telephone 
lines,  the  supports  should  be  established  with  a  view  to  protect 
mechanically  these  lines  against  contact  with  the  aerial  con- 
ductors feeding  the  traction  system. 

In  all  cases,  measures  shall  be  taken  to  prevent  the  trolley 
wire  touching  the  neighl)oring  lines. 

80.  England. — British  Board  of  Trade  Regulations.  Regu- 
lations made  by  the  Board  of  Trade  under  the  provisions  of  Special 
Tramways  Acts  or  Light  Railway  Orders  authorizing  "  lines  "  on 
public  roads ;  for  regulating  the  use  of  eleci  rical  power ;  for  prevent- 
ing fusion  or  injurious  electrolytic  action  of  or  on  gas  or  water 
pipes  or  other  metallic  pipes,  structures  or  substances:  and  for 
minimising  as  far  as  is  reasonably  j)racticahle  injurious  inter- 
ference with  the  electric  wires,  lines,  and  apparatus  of  parties 
other  than  the  ConiT)any,  and  the  currents  therein,  whether 
such  lines  do  or  do  not  use  the  earth  as  a  return. 

First  made,  March,   1894. 

Revised,  April,    1903. 

Further  reviserl,    August.    1904. 

Further  revised,  May,   1908. 

Further   revised.    April,    1910. 

Further  revised,   September,    1912. 

Rfawlations. 

1.  Any  dynamo  used  as  a  generator  ^hall  be  of  such  ])attern 
and  const  met  ion  as  to  be  capable  of  protlueing  a  continuous 
current   without   aj)preciable  pulsaiicni. 

2.  One  of  the  \\\o  conductors  used  for  transmitting  energy 
from  the  generator  to  the  nioiors  sliall  be  in  e\-er\-  case  insulated 
from  earth,  and  is  hereinafter  referred  to  as  the  "line";  the 
other  may  l)e  insnlated  throughout,  or  nia>'  be  uninsulated  in 
such  parts  and  to  such  extent  as  is  pro\ided  in  the  following 
regidations,   and   is   hereinafter   referred    to   as   the   "return." 
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3.  Where  any  rails  on  which  cars  run  or  any  conductors 
laid  between  or  within  three  feet  of  such  rails  form  any  part 
of  a  return,  such  part  may  be  uninsulated.  All  other  returns 
or  parts  of  a  return  shall  be  insulated,  unless  of  such  sectional 
area  as  will  reduce  the  diflference  of  potential  between  the 
ends  of  the  uninsulated  portion  of  the  return  below  the  limit 
laid  down  in  Regulation  7. 

4.  When  any  uninsulated  conductor  laid  between  or  within 
three  feet  of  the  rails  forms  any  part  of  a  return,  it  shall  be 
electrically  connected  to  the  rails  at  distances  apart  not  ex- 
ceeding 100  feet  by  means  of  copper  strips  having  a  sectional 
area  of  at  least  one-sixteenth  of  a  square  inch,  or  by  other  means 
of  equal  conductivity. 

5.  (a)  When  any  part  of  a  return  is  uninsulated  it  shall  be 
connected  with  the  negative  terminal  of  the  generator,  and  in 
such  case  the  negative  terminal  of  the  generator  shall  also  be 
directly  connected,  through  the  current-indicator  hereinafter 
mentioned,  to  two  separate  earth  connections  which  shall  be 
placed  not  less  than  20  yards  apart. 

(b)  The  earth  connections  referred  to  in  this  regulation 
shall  be  constructed,  laid  and  maintained,  so  as  to  secure 
electrical  contact  with  the  general  mass  of  earth,  and  so  that, 
if  possible,  an  electromotive  force,  not  exceeding  four  volts, 
shall  suffice  to  produce  a  current  of  at  least  two  amperes  from 
one  earth  connection  to  the  other  through  the  earth,  and  a 
test  shall  be  made  once  in  every  month  to  ascertain  whether 
this  requirement  is  complied  with. 

(c)  Provided  that  in  place  of  such  two  earth  connections 
the  Company  may  make  one  connection  to  a  main  for  water 
supply  of  not  less  than  three  inches  internal  diameter,  with  the 
consent  of  the  owner  thereof  and  of  the  person  supplying  the 
water,  and  provided  that  where,  from  the  nature  of  the  soil 
or  for  other  reasons,  the  Company  can  show  to  the  satisfaction 
of  the  Board  of  Trade  that  the  earth  connections  herein  specified 
cannot  be  constructed  and  maintained  without  undue  expense 
the  provisions  of  this  regulation  shall  not  apply. 

(d)  No  portion  of  either  earth  connection  shall    be    placed 
within  six  feet  of  any  pipe  except  a  main  for  water  supply 
of  not  less  than  three  inches  internal  diameter  which  is  metal 
lically  connected  to  the  earth  connections  with  the  consents 
hereinbefore  specified. 

(e)  When  the  generator  is  at  a  considerable  distance  from 
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the  trymway  the  uninsulated  return  shall  be  connected  to  the 
negative  terminal  of  the  generator  by  means  of  one  or  more 
insulated  return  conductors,  and  the  generator  shall  have  no 
other  connection  with  earth;  and  in  such  case  the  end  of  each 
insulated  return  connected  with  the  uninsulated  return  shall 
be  connected  also  through  a  current  indicator  to  two  separate 
earth  connections,  or  with  the  necessary  consents  to  a  main 
for  water  supply,  or  with  the  like  consents  to  both  in  the  man- 
ner prescribed  in  this  regulation. 

(f)  The  current  indicator  may  consist  of  an  indicator  at  the 
generating  station  connected  by  insulated  wires  to  the  term- 
inals of  a  resistance  interposed  between  the  return  and  the 
earth  connection  or  connections,  or  it  may  consist  of  a  suitable 
low-resistance  maximum  demand  indicator.  The  said  re- 
sistance, or  the  resistance  of  the  maximum  demand  indicator, 
shall  be  such  that  the  maximum  current  laid  down  in  Regula- 
tion G  (I)  shall  produce  a  difference  of  potential  not  exceeding 
one  volt  between  the  terminals.  The  indicator  shall  be  so 
constructed  as  to  indicate  correctly  the  current  passing  through 
the  resistance  when  connected  to  the  terminals  bv  the  insulated 
wires  before-mentioned. 

6.  When  the  return  is  partly  or  entirely  uninsulated  the  Com- 
pany shall  in  the  construction  and  maintenance  of  the  tram- 
way (a)  so  separate  the  uninsulated  return  from  the  general 
mass  of  earth,  and  from  any  pipe  in  the  vicinity;  (b)  so  con- 
nect together  the  several  lengths  of  the  rails;  (c)  adopt  such 
means  for  reducing  the  difference  ])roduced  l)y  the  current  be- 
tween the  potential  of  the  uninsulated  return  at  any  one  point 
and  the  potential  of  the  uninsulated  return  at  any  other  point; 
and  (d)  so  maintain  the  efficiency  of  the  earth  connections 
specified  in  the  j)recedin<j:  re^^ulations  as  to  fulfill  the  following 
conditions,  viz.: 

(I)  That  the  current  passing  from  the  earth  connections 
through  the  indicator  Uj  the  generator  or  through  the 
resistance  to  the  insulated  return  siiall  not  at  an\-  time 
exceed  either  two  amjjeres  per  mile  of  single  traniwav 
line    or  five  per  cent    of  llie  total  current   out])iU    of  the 
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clanche  cells  connected  in  series  if  the  direction  of  the 
current  is  from  the  return  to  the  pipe,  or  by  interposing 
one  Leclanche  cell  if  the  direction  of  the  current  is  from 
the  pipe  to  the  return. 

The  owner  of  any  such  pipe  may  require  the  Company  to 
permit  him  at  reasonable  times  and  intervals  to  ascertain  by 
test  that  the  conditions  specified  in  (II)  are  complied  with  as 
regards  his  pipe. 

7.  When  the  return  is  partly  or  entirely  uninsulated  a  con- 
tinuous record  shall  be  kept  by  the  Company  of  the  difference 
of  potential  during  the  working  of  the  tramway  between  points 
on  the  uninsulated  return.  If  at  any  time  such  difference  of 
potential  between  any  two  points  exceeds  the  limit  of  seven 
volts,  the  Company  shall  take  immediate  steps  to  reduce  it 
below  that  limit. 

8.  The  ciurent  density  in  the  rails  shall  not  exceed  nine 
amperes  per  square  inch  of  the  cross  sectional  area. 

9.  Every  electrical  connection  with  any  pipe  shall  be  so 
arranged  as  to  admit  of  easy  examination,  and  shall  be  tested 
by  the  Company  at  least  once  in  every  three  months. 

10.  The  insulation  of  the  line  and  of  the  return  when  in- 
sulated, and  of  all  feeders  and  other  conductors,  shall  be  so 
maintained  that  the  leakage  current  shall  not  exceed  one  hun- 
dredth of  an  ampere  per  mile  of  tramway.  The  leakage  cur- 
rent shall  be  ascertained  not  less  frequently  than  once  in  every 
week  before  or  after  the  hours  of  running  when  the  line  is  fully 
charged.  If  at  any  time  it  should  be  found  that  the  leakage 
current  exceeds  one-half  of  an  ampere  per  mile  of  tran'way 
the  leak  shall  be  localised  and  removed  as  soon  as  practicable, 
and  the  running  of  the  cars  shall  be  stopped  unless  the  leak 
is  localised  and  removed  within  24  hours.  Provided  that 
where  both  line  and  return  are  placed  within  a  conduit  this 
regulation  shall  not  apply. 

11.  The  insulation  resistance  of  all  continuously  insulated 
cables  used  for  lines,  for  insulated  returns,  for  feeders,  or  for 
other  purposes,  and  laid  below  the  surface  of  the  ground,  shall 
not  be  permitted  to  fall  below  the  equivalent  of  10  megohms 
for  a  length  of  one  mile.  A  test  of  the  insulation  resistance  of 
all  such  cables  shall  be  made  at  least  once  in  each  month. 

12.  Any  insulated  return  shall  be  placed  parallel  to  and  at 
a  distance  not  exceeding  three  feet  from  the  line  when  the  line 
and  return  are  both  erected  overhead,  or  eighteen  inches  when 
they  are  both  laid  underground. 
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13.  In  the  disposition,  connections,  and  working  of  feeders, 
the  Company  shall  take  all  reasonable  precautions  to  avoid 
injurious  interference  with  any  existing  wires. 

14.  The  Company  shall  so  construct  and  maintain  their 
system  as  to  secure  good  contact  between  the  motors  and  the 
line  and  return  respectively. 

16.  The  Company  shall  adopt  the  best  means  available  to 
prevent  the  occurrence  of  undue  sparking  at  the  rubbing  or 
rolling  contacts  in  any  place  and  in  the  construction  and  use 
of  their  generator  and  motors. 

16.  Where  the  line  or  return  or  both  are  laid  in  a  conduit 
the  following  conditions  shall  be  complied  with  in  the  con- 
struction and  maintenance  of  such  conduit: 

(a)  The  conduit  shall  be  so  constructed  as  to  admit  of 
examination  of  and  access  to  the  conductors  contained 
therein  and  their  insulators  and  supports. 

(b)  It  shall  be  so  constructed  as  to  be  readily  cleared 
of  accumulation  of  dust  or  other  debris,  and  no  such  ac- 
cumulation shall  be  permitted  to  remain. 

(c)  It  shall  be  laid  to  such  falls  and  so  connected  to 
sumps  or  other  means  of  drainage,  as  to  automatically 
clear  itself  of  water  without  danger  of  the  water  reaching 
the  level  of  the  conductors. 

(d)  If  the  conduit  is  formed  of  metal,  all  separate 
lengths  shall  be  so  jointed  as  to  secure  efficient  metallic 
continuity  for  the  passage  of  electric  currents.  Where 
the  rails  are  used  to  form  any  part  of  the  return  they  shall 
be  electrically  connected  to  the  conduit  by  means  of  copper 
strips  having  a  sectional  area  of  at  least  one-sixteenth  of 
a  square  inch,  or  other  means  of  equal  conductivity,  at 
distances  apart  not  exceeding  100  feet.  Where  the  return 
is  wholly  insulated  and  contained  within  the  conduit,  the 
latter  shall  be  connected  to  earth  at  the  generating  station 
or  sub-station  through  a  high  resistance  galvanometer 
suitable  for  the  indication  of  any  contact  or  partial  contact 
of  either  the  line  or  the  return  with  the  conduit. 

(e)  If  the  conduit  is  formed  of  any  non-metallic  material 
not  being  of  high  insulating  quality  and  impervious  to 
moisture  throughout,  I  lie  conductors  shall  be  carried  on 
insulators  the  su])]:)orls  for  which  shall  l)e  in  metallic  con- 
tact with  one  another  throughout. 

(f)  The  negative  conductor  shall  be  connected  with  earth 
at  the  station  by  a  voltmeter  and  may  also  be  connected 
with  earth  at  the  generating  station  or  sub-station  by  an 
adjustable  resistance  and  current -indicator.  Neither  con- 
ductor shall  otherwise  be  permanently  connected  with  earth. 

(g)  The  conducioi*s  shall  be  constructed  in  sections  not 
^XC^ding  one-half  a  mile  in  length,  and  in  the  ev^tvt  oi  -^ 
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leak  occurring  on  either  conductor  that  conductor  shall 
at  once  be  connected  with  the  negative  pole  of  the  dynamo, 
and  shall  remain  so  connected  until  the  leak  can  be  re- 
moved. 

(h)  The  leakage  current  shall  be  ascertained  daily,  be- 
fore or  after  the  hours  of  running,  when  the  line  is  fully 
charged,  and  if  at  any  time  it  shall  be  found  to  exceed 
one  ampere  per  mile  of  tramway  the  leak  shall  be  localised 
and  removed  as  soon  as  practicable,  and  the  running  of 
the  cars  shall  be  stopped  unless  the  leak  is  localised  and 
removed  within  24  hours. 

17.  The  Company  shall,  so  far  as  may  be  applicable  to  their 
system  of  working,  keep  records  as  specified  below.  These 
records  shall,  if  and  when  required,  be  forwarded  for  the  in- 
formation of  the  Board  of  Trade. 

Number  of  cars  running. 

Number  of  miles  of  single  tramway  line. 

Daily  Records. 

Maximum  working  current. 

Maximum  working  pressure. 

Maximum  current  from  the  earth  plates  or  water-pipe  con- 
nections (vide  Regulation  6  (I))  where  the  indicator  is  at  the 
generating  works. 

Fall  of  potential  in  return  (vide  Regulation  7). 

Leakage  current   (vide  Regulation   16   (h)). 

Weekly  Records. 

Leakage  current  (vide  Regulation  10). 

Maximum  current  from  the  earth  plates  or  water-pipe  con- 
nections (vide  Regulations  6  (I))  where  a  maximum  demand 
indicator  is  used. 

Monthly  Records. 

Condition  of  earth  connections  (vide  Regulation  5). 
Minimum  insulation  resistance  of  insulated  cables  in  meg- 
ohms per  mile  (vide  Regulation  11). 

Quarterly  Records. 
Conductance  of  connections  to  pipes  (vide  Regulation  9). 

Occasional  Records. 

Specimens  of  tests  made  under  provisions  of  Regulation  6  (IL) 

Board  of  Trade, 

7,  Whitehall  Gardens,  S.  W. 
September,  1912. 
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81.  Spain— Electric  Legislation.    Law  of  March  23,  1900. 

Article  50.  To  prevent  the  return  current  of  electric  tram- 
way lines  from  exercising  any  electrolytic  effects,  the  following 
measures  shall  be  taken:' 

(1)  The  rails  of  each  one  of  the  tracks  are  bonded  by  welding 
or  by  connections  formed  of  short  copper  cables,  or  of  equiva- 
lent cables  made  of  some  other  metal,  the  section  of  which 
having  to  exceed  100  square  millimeters  per  track,  and  shall 
be  made  as  large  as  possible. 

(2)  At  intervals  of  100  meters,  or  at  shorter  distances,  the 
tracks  shall  be  cross-bonded. 

(3)  In  case  the  official  inspector  should  deem  it  necessary, 
a  cable  will  have  to  be  stretched  in  every  line,  which  will  have 
to  be  intimately  connected  with  both  tracks;  and 

(4)  The  dimensions  of  all  gables  and  wires  constituting  such 
system  will  have  to  be  calculated  upon  a  basis  that  the  potential 
difference  between  the  generator  terminals  and  the  point  of 
the  tracks  remotest  from  them  will  not  exceed  an  amount  of 
seven  volts. 

H.    SUMMARY  OF  EUROPEAN  CONDITIONS. 

Conditions  in  Germany,  Italy,  France  and  England  as  Reported 
to  the  Visiting  Committee  by  Various  Authorities  in 

these  Countries. 

82.  Present  Electrolysis  Conditions. 

Germany.  Considerable  damage  was  found  in  many  cities 
prior  to  the  application  of  the  Earth  Current  Commission's 
Regulations;  in  one  case  service  pipe  trouble  occurred  as  often 
as  once  a  month.  Generally,  however,  extensiv^e  damage  was 
not  known  until  it  was  revealed  by  investigation;  thus,  many 
of  the  cities  which  were  surveyed  by  the  Commission,  and 
where  more  or  less  corrosion  was  found,  had  previously  reported 
no  damage. 

In  general,  the  pipe  owning  interests  stated  that  the  situa- 
tion was  such  that  the  work  of  the  Earth  Current  Commission 
was  urgently  needed.  Some  railway  engineers  held  that  a 
considerable  amount  of  corrosion  ascribed  to  stray  railway 
ciurent  was  in  fact  due  to  other  sources,  or  to  seU-eoTTO'SAaxv, 

Many  very   thorough   tests  have  been  made  m  Qierccvaxs^ 
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and  a  large  majority  of  these  have  shown  that  corrosion  was 
being  produced  by  stray  railway  currents. 

The  more  prosperous  companies  and  municipalities  spent 
money  for  improvements  after  the  publication  of  the  Regula- 
tions of  the  Earth  Current  Commission.  Exact  information 
was  not  available  regarding  the  number  of  places  where  changes 
had  been  made,  but  the  best  information  indicated  that  the 
number  was  between  20  and  30.  Of  these,  about  100,000  marks 
each  was  spent  in  Danzig,  Strassburg  and  Erfurt,  re-arranging 
the  resistances  in  existing  return  conductors,  and  Dresden 
was  engaged  in  insulating  the  existing  bare  conductors,  and 
generally,  the  most  important  cities  were  rapidly  improving 
their  return  circuit  conditions. 

•  The  present  conditions  in  Germany  are  considered  satis- 
factory where  the  electric  railways  have  conformed  to  the 
Commission  Regulations,  or  where  conditions  were  already 
equally  good ;  in  other  cases  the  conditions  are  considered 
to  be  unsatisfactory.  No  cases  of  extensive  damage  to  cable 
sheaths  were  found. 

Italy.  Very  little  damage,  if  any,  is  known  in  Italy,  and  the 
conditions  are  said  to  be  satisfactory.  This  favorable  report 
is  based  on  the  absence  of  complaints. 

France.  Outside  of  Paris,  there  is  little  damage  caused  by 
tramway  systems,  which  generally  observe  a  one  volt  per 
kilometer  rail  drop  limit,  contained  in  regulations  issued  by 
the  Ministry  of  Public  Works.  No  adequate  or  complete  tests 
have  been  made  in  France,  although  some  testing  has  been 
done  in  Paris  following  the  development  of  trouble. 

In  Paris,  60  to  70  cases  of  damage  to  pipes  have  been  found 
in  a  year,  and  the  actual  minimum  cost  of  repairs  was  esti- 
mated to  be  60,000  francs;  however,  it  was  held  that  the  para- 
mount consideration  was  the  danger  to  security  of  service,  since 
nearly  all  cases  caused  losses  in  buildings,  although  there  were 
no  explosions. 

At  least  30  to  35  per  cent  of  the  total  number  of  cases  re- 
ported were  due  to  re-arrangement  of  the  Edison  two-wire  and 
three-wire  mains;  such  troubles  are  local  and  temporary,  while 
in  other  cases  the  troubles  are  persistent. 

A  very  considerable  amount  of  damage  in  Paris  is  due  to 
the  **  Metropolitan*'  subway  system,  which  claims  exemption 
from  the  one-volt  per  km.  rule,  not  being  a  tramway  system. 
With  this  exception,  conditions  in  France  are  said  to  be  gen- 
erally satisfactory. 
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Bni^Aiid.  Considerable  damage  is  said  to  have  occurred  in 
the  early  days  of  electric  traction  in  England,  although  such 
damage  was  apparently  insignificant  compared  to  conditions 
fainiliar  in  America.  Practically  no  damage  has  occurred  in 
recent  yeais,  and  certainly  no  extensive  damage.  Two  or 
three  cases,  local  in  character  and  of  small  extent,  have  occurred 
in  localities  where  the  Board  of  Trade  regulations  were  complied 
with. 

In  England  there  is  very  little  good  evidence  in  the  way  of 
tests,  and  the  general  statements  of  immunity  are  based  on 
the  absence  of  trouble.  The  Post  Office  and  the  South  Metro- 
politan Gas  Company  (London)  both  make  systematic  tests 
and  find  no  trouble,  with  the  exception  that  the  Post  Office 
has  from  time  to  time  encountered  difficulties  due  to  stray 
currents,  which  were  however  generally  quite  local  in  character. 

While  it  is  generally  stated  in  England  that  there  is  little 
actual  damage  to  piping  systems,  and  that  the  problem  is  not 
an  important  issue  with  the  owners  of  gas  piping  systems,  there 
is  considerable  feeling  among  the  privately  owned  gas  com- 
panies that  they  are  not  adequately  protected  by  the  Board 
of  Trade  Regulations,  since  they  cannot  recover  damages  in 
case  corrosion  occurs  where  the  Regulations  are  complied  with. 
This  has  led  to  numerous  applications  to  Parliament  for  special 
clauses  in  Acts  granting  powers  to  electric  railway  undertak- 
ings; most  of  these  have  been  refused,  but  some  have  been 
granted. 

It  is  generally  admitted  that  the  Board  of  Trade  Regulations, 
as  originally  drawn,  were  empirical,  and  that  they  might  be 
remodelled  with  advantage,  but  since  the  only  feature  of  the 
regulations  actually  rigidly  enforced:  namel>',  the  limit  for  over- 
all rail  drop,  results  in  substantial  immunity,  the  great  dif- 
ficulty attending  revision  does  not  seem  justified. 

83.  Protective  Measures  in  Vogue. 

Fkeuers. 

Germany.  Insulated  return  feeders  are  used  almost  uni- 
versally in  Germany.  In  Berlin  and  Hamburg  these  return 
feeders  are  of  the  same  number  and  size  as  the  i)ositive  feeders, 
but  generally  in  other  towns  the  return  feeders  are  of  smaller 
cross-section.  Separate  feeders  are  generally  used,  but  tvot 
exclusively,  as  feeders  with   resistance  Vaps  ate  v\^e^  vc\  ^otcv 
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cases.  Formerly  there  were  cases  of  feeders  tapping  at  several 
points,  but  important  cases  have  been  corrected  by  the  inser- 
tion of  resistances.  (The  distinction  between  copper  which 
merely  parallels  the  rails,  and  feeders  intended  to  maintain 
equi-potential  points  in  the  rail  net- work,  is  clearly  understood 
in  Germany). 

Negative  boosters  are  used  in  several  cases,  but  the  general 
practice  is  not  to  use  them.  The  tramway  in  Danzig,  operated 
by  a  private  company,  and  having  a  maximum  load  of  600 
kw.,  has  used  boosters  since  1906. 

Return  feeder  systems  are  carefully  calculated  in  recent  in- 
stallations; the  same  grade  of  insulation  is  generally  provided 
for  both  positive  and  negative  feeders.  No  design  data  for 
feeder  resistances  were  obtained. 

England.  Insulated  return  feeders  are  used  in  England, 
wherever  return  feeders  are  necessary  to  bring  the  rail  drop 
within  the  B.O.T.  regulations  Separate  feeders  are  generally 
used.  (As  in  Germany,  the  feeders  are  intended  to  maintain 
the  rail  taps  at  the  same  potential  throughout  the  system). 

Negative  boosters  are  more  extensively  used  than  in  Germany. 
They  are  very  commonly  used  in  the  larger  systems,  although  in 
one  large  city  their  use  was  abandoned  after  they  had  been  in 
operation  for  some  time.  They  are  considered  more  economical 
than  resistances  in  the  return  feeders,  and  also  to  provide  better 
regulation  where  the  load  centers  shift. 

Return  feeder  systems  are  only  calculated  in  the  larger, well 
supervised  systems,  elsewhere  they  are  installed  on  "cut-and- 
try"  methods.  The  same  grade  of  insulation  is  usually  provided 
for  both  positive  and  negative  feeders. 

Italy.  Return  feeders  are  not  used  for  tramways  in  Italy^ 

France.  Insulated  return  feeders  are  used  for  the  conduit 
tramways  in  Paris,  but  little  elsewhere.  Most  systems  have 
but  one  feeding  point  to  the  rails.  Boosters  are  very  little 
used,  the  only  system  found  to  be  equipped  with  boosters  was 
that  of  the  Cie.  des  Tramways  de  Paris  et  du  Dept.  de  la  Seine. 

Voltage  and  Current  Conditions. 

Germany.  Where  return  circuits  have  not  been  remodelled 
in  accordance  with  the  Commission  Regulations,  overall  volt- 
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age  limits  vary  greatly,  but  in  the  majority  of  cases  they  are 
between  5  and  10  volts.  Other  systems  will  be  from  2  to  5 
volts.     Negative  feeders  are  designed  for  equal  drop. 

England*  Overall  rail  drops  for  tramways  in  England  are 
generally  very  much  lower  than  the  B.O.T.  requirement,  average 
ing  probably  2.5  to  3  volts,  with  the  exception  of  occasional 
drops,  which  may  be  as  high  as  15  or  20  volts,  due  to  extra- 
ordinary traffic  at  foot-ball  matches,  etc.  The  railways  prob- 
ably have  higher  overall  voltages  than  the  tramways.  Glasgow, 
which  voluntarily  adopted  a  2  volt  rail  drop  limit,  Manchester, 
and  other  large  towns,  have  extraordinarily  low  rail  drops. 
Electrolysis  conditions  throughout  the  United  Kingdom  are 
generally  said  to  be  satisfactory,  although  some  private  gas 
companies  do  not  agree  to  this.  Potential  differences  between 
pipes  and  rails  are  said  to  be  generally  less  than  1  volt. 

Negative  feeders  are  designed  for  equal  drop. 

France.  It  is  stated  that  the  tramways  in  France  generally 
endeavor  to  observe  the  1  volt  per  km.  limit.  Potential  dif- 
ferences between  pipes  and  rails  rarely  exceed  1  volt  (However 
we  observed  a  6  volt  potential  in  Paris). 

Miscellaneous   Protective   Measures. 

Drainage  System.  Electrical  drainage  was  formerly  applied 
in  one  or  two  cases  in  Germany,  notably  in  Aachen,  but  it  was 
abandoned  on  account  of  damage  produced  by  it,  first,  due  to 
joint  corrosion,  and  second,  damage  to  other  underground 
structures.  It  is  condemned  by  the  engineers  of  the  Earth 
Current  Commission. 

Electrical  drainage  is  not  employed  in  Italy  or  France. 

In  England,  it  is  not  approved  as  a  general  measure  to  afford 
relief  from  stray  current,  although  there  are  a  few  special  in- 
stances of  its  application  to  the  Railway  Company's  own  lead 
covered  cables,  where  the  common  practice  is  to  bond  to  the 
rails  at  many  points.  One  engineer  thought  that  it  might  be 
applied  where  currents  were  small,  except  to  gas  pipes  on  account 
of  the  danger  from  sparking,  he  also  thought  that  it  would  be 
undesirable  in  America  where  large  currents  are  carried. 

Negative  Trolley  or  Periodic  Reversal.  The  trolley  wire  was 
originally  made  negative  in  Numberg,  and  in  St.  Gall,  S^vVl'^^- 
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land,    but    not    periodically   reversed.     The   scheme  has   been 
abandoned  in  boih  places. 

This  connection  has  not  been  used  for  trannvays  in  Italy, 
France  or  England. 

Three-Wire  System.  The  thre^  nire  system  has  been 
applied  to  electric  railways  in  a  few  cases  in  G«Tiiany.  In 
each  case  the  distribution  of  load  between  polarities  was  by 
districts,  that  is,  certain  entire  sections  will  have  the  trolley 
wire  positive,  and  others  will  have  the  trolley  wire  negative. 
Under  these  conditions  the  systems  may  become  considerably 
unbalanced. 

In  France,  the  Xord-Sud  Chemin  de  Fer  employs  a  three- 
wire  system  with  two  motors  per  car,  positive  and  negative, 
the  running  rails  acting  as  a  grounded  neutral. 

In  England  the  three-wire  system  has  not  been  applied  to 
tramwa\-s.  The  City  and  South  London  Underground  Rail- 
way employs  it.  but  this  will  he  discontinued  following  con- 
solidation with  other  .s.\*stems. 

Average  Feeding  Distances.  In  England,  the  average  feed- 
ing distances  are  said  to  be  from  2  to  3  miles. 

Joints  in  Cast-iron  Mains.  Cast-iron  pipes  in  England  and 
Germany  are  generalh"  of  the  lead  calked  bell  and  spigot  type 
In  Germany  flanged  joints  are  frequently  used  for  special 
fittings,  valves.  T's  and  hydrant  taps  for  water  mains.  Cast- 
iron  pi[>es  are  little  used  in  France;  pipe  joints  are  either  lead 
calked  bell  an<l  spigot,  or  in  large  pipes  flanged  with  rubber 
gaskeu.  Insulating  joints  are  not  used,  except  that  in  England 
it  is  said  that  they  are  occasionally  used  for  water  pipes  in 
very    sjiecial   cases. 

Insulating  Coverings.  In  Germany  it  is  held  thai  insulating 
covering-  do  noi  aiiord  protection  against  electrolysis,  as  their 
effect  i'i  merely  -.n  concemraie  escaping  stray  currents,  since 
perfect  coverings  cannot  be  maintained.  They  should  only  be 
used  where  jiroteciion  against  chemical  corrosion  is  desired, 
due  to  the  character  of  the  soil. 

In  France,  gas  engineers  stated  that  insulating  coverings  were 
being  studied,  but  it  was  not  belie\-ed  that  they  would  prove 
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In  England,  insulating  coverings  are  not  considered  good 
protection  against  stray  railway  currents.  High  pressure  gas 
pipes  have  been  covered  with  pitch  canvas,  and  the  London 
Water  Board  pipes  are  provided  with  an  asphalt  dip  coating, 
but  more  as  protection  against  chemical  corrosion. 

Insulating  Joints  in  Telephone  Cables.  Not  used  in  Ger- 
many or  England. 

Double  Trolley.  The  double  trolley  system  is  not  in  general 
use  in  any  of  the  countries  visited.  One  or  two  very  special 
cases  near  Laboratories  in  Germanv,  the  district  within  2  or 
3  miles  of  the  Greenwich  Observatory,  and  some  conduit  tram- 
ways of  the  London  County  Council  System,  were  the  only 
cases  noted.  The  double  trolley  is  also  used  in  connection 
with  a  few  miles  of  rail-kss  trolley  in  England. 
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fWelded  Rail-Joints.     In  Germany  Thennit  weMs  are  used 

1  some  extent,  ihey  are  becoming  more  common.  In  Prance 
lie  rails  of  the  System  Cie.  de  Omnibus  Thomson -Houston. 
|re  welded. 

In  England  Thermit  welds  have  been  very  extensively  used, 
Igivinfi  good  results  electrically,  but  having  short  life  due  to 
fmechanical  weakness  where  traffic  is  heavy.  A  type  of  elec- 
f  irically  welded  continuous  rail,  very  extensively  used  in  Leeds, 
f  and  to  an  increasing  extent  in  Manchester  and  Glasgow,  is 
gi\nng  excellent  results,  being  mechanically  strong  and  pro- 
s-iding  good   electrical  conductivity. 

Rail-bonds.  Solid  copper  pin  type  bonds,  usually  1  meter 
long,  are  most  commonly  used  in  Germany,  and  also  in  Prance. 
The  Metropolitan  System  in  Paris  places  the  bonds  under  the 
liaae  flange  of  the  rail. 

In  England,  solid  copper  pin  type  bonds,  protected  bonds 
inside  of  fish  plates,  and  other  types  familiar  in  America,  are 
generally  used.     (See  Pig.  15). 

Cross-bonds.  In  Germany,  cross-bonds  are  used  about  every 
10  rails,  i.r..  every  lUO  meters.  In  France,  cross-bonds  are 
placed  everj'  50-HX)  meters,  they  have  the  same  area  as  the 
rail-bonds.  In  England  cross-bonds-  are  placed  generally 
every  40  yards,  they  have  the  same  area  as  the  rail-bonds. 
(See  Fig.  ioV 

Depth  of  Pipes  etc.  Below  Surface.     In  Germany,  gas  pipes 

are  generally  laid  II. 8-1.  meter,  and  water  pipes  1-1.5  meters. 
below  ihe  surface.  In  Knmce,  i;a>  pipef.  are  laid  where  pos- 
sible O.G  meter  below  ihe  surface,  L.T.  cables  0.7  meter,  and 
H.T.  cables  1.3  meters.  In  England  1  foot  is  said  to  be  danger- 
ous; 2  feet  was  gi\-en  b\-  one  authority  as  an  average  and  2.5 
to  5  feet  by  another.  In  all  cases  the  above  depths  are  only 
tj'pical.   the  practice  varies  widely. 

Mains  on  Both  Sides  of  Streets.     In  Germany,  France  and 

England,  mains  are  laid  on  both  sides  of  principal  streets,  or 
='reeis  wider  than   14  meters  (Paris)  or  in  streets  with  wood 
-■""lents,  and  generally  in  the  larger  towns.     In 
—  int   niacpe     on*>   -main   i<  tiMNi 
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84.  Economic  Aspects  of  the  Electrolysis  Problem.  About 
40  per  cent  of  the  electric  railway  systems  in  Germany, 
and  about  70  per  cent  in  England,  are  municipally  owned. 
In  Germany  one  authority  thought  that  municipalities  were 
more  ready  than  private  companies  to  spend  money  for  the 
purpose  of  improving  their  return  circuits,  but  in  England  it 
was  thought  that  there  was  no  difference  in  this  respect. 

Opinions  differed  in  Germany  as  to  whether  or  not  the  pre- 
vailing regulations  constituted  a  financial  hardship.  In  England, 
the  Board  of  Trade  regulations  are  nowhere  considered  a  hard- 
ship, and  when  inquiry  was  made  as  to  whether  the  existing 
regulations  had  retarded  the  development  of  electric  railways, 
the  authorities  consulted  uniformly  stated  that  this  was  not 
the  case.  It  appears  that  in  fact  a  saturation  point  has  been 
reached,  and  busses  are  being  used  where  tramways  would  not 
pay.  Traffic  conditions  are  said  to  be  quite  as  heavy  in  Eng- 
land as  in  the  United  States.  Only  one  authority  in  England 
ventured  an  estimate  of  the  average  load  factor  for  English 
electric  railway  systems,  he  estimated  it  to  be  35  per  cent. 

There  is  verv  little  overhead  feeder  line  construction  in 
Germany,  and  almost  none  in  England. 
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I»rtii'.    iS  i"*  IP  hours  per  day.     If  the  measurements  are 

hI:-   iaIi*»  over  the  enlire  period,  they  are  corrected 

-,  *  fipire  corresponding  to  this  average. 

j.^fi^ilii'^l,   nicasiireinents   are   leased   on   an   average   for 

■  S/t  wiMwics  at  peak  load.     The  "average"  is  obtained 

w  -wwii  U'twft-n  the  average  of  the  maxima  during  this 

Mi^ftji    ttr4\-);»r<ting   unusually    high    swings,    and    the   actual 

Kv*  W.V  i*!^  )>n  measurements.     This  quantity  is  usually  obtained 

<tiM'*iw  from  inspection  of  recording  instrument  charts. 

ttw  Uriiish   f3oard  of  Trade  makes  inspections  on  its  own 

Vuu'.Mtivv,  because  il   is  resjjonsible  for  its  rules,   which  have 

T.utulHnTially  the  force  of  law,  they  also  investigate  complaints. 

I'horr'  nrtf  no  regular  inspections,  on  account  of  the  lack  of  a 

(■unier  appropriation;  most  of  its  information  is  obtained  by 

miiaiis  of  circular  returns,   provided   for  in   the   Regulations. 

The  latest  call  for  a  return  was  issued  in  1906. 

In  (lermany,  permanent  means  for  measuring  overall  poten- 
liaN  are  very  generally  provided,  but  the  methods  of  doing 
t  his  vary  widely.  Pilot  wires  are  usuallv  provided  for  new 
inslallations  in  France. 

In  Ivngland,  pilot  wires  are  universally  used  in  connection 
with  recording  instruments.  The  practice  varies  widely,  but 
the  most  common  method  emplovs  14  or  16  gauge  wires  laid 
with  the  main  cables,  and  extended  beyond  them. 

Hond  testing  is  generally  done  in  (iermany  on  some  s\-ste- 
nialic  ba.-<is.  more  often  annually,  but  in  some  large  systems 
semi-annually.  The  bond  testing  devices  are  generally  of  the 
three  contact  type  with  differential  galvanometer.  Some  of 
these  are  said  to  be  undesirable  on  account  of  the  form  of  the 
contact,  others  because  the  rail  joint  points  span  too  short 
a  length,  or  on  account  of  the  type  of  galvanometer  employed, 
etc.  In  England,  ii  is  stated  tbat  there  is  practically  no  sys- 
tematic bond  testing  except  in  the  large,  well  supervised  systems. 

I.     GENERAL  REMARKS. 

86.  Germany.     Where  municipalities  own  the  water,  gas  and 

street  railway  systems,  ihey  may  prefer  to  assume  the  cost  of 

damage  rather  than  making  larger  expenditure  for  protection 

■^■^■r  oipes.     There  are  cases   in   dispute  pending  in  Essen 

'  "'•hen  the  drainage  system  was  formerly  used. 
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Recently  the  case  of  Mansfeld  was  decided  against  the 
gas  company  as  the  railway  existed  before  the  gas  plant. 

Hamburg,  prior  to  the  forming  of  the  commission,  installed 
return  insulated  feeders  which  gave  valuable  information  in 
guiding  the  recommendations  of  the  commission. 

Strassburg  found  in  siunmer  50  %  greater  leakage  than  in 
winter  when  measurements  were  made  in  cold  weather  and 
the  ground  frozen.  In  snow  storms,  however,  the  leakage  was 
increased  as  the  cars  were  using  more  current. 

The  Prussian  Law  protects  railway  companies  against 
suits  for  damages  caused  by  stray  currents  whenever  the  pipe 
owning  concerns  did  not  apply  for  protection  against  these 
possible  damages  before  the  original  franchise  to  the  Railway 
Company  was  granted. 

Similar  laws  apply  in  other  States. 

When  the  municipality  assumes  the  operation  of  a  railway 
it  does  not  assume  responsibility  to  protect  the  pipe  owning 
companies  against  damages  due  to  stray  currents. 

87.  France.  In  Paris  pipes  for  water  are  located  in  sewers 
and  therefore  remote  from  trouble. 

Telephone  cable  troubles  are  few  in  Paris.  In  the  suburbs 
all  underground  pipe  systems  are  more  or  less  affected. 

Twenty  suits  are  now  in  litigation  between  the  gas  companies 
and  the  railways. 

J.     STATISTICAL— OPERATING— STRUCTURAL  AND 

TECHNICAL  DATA. 


TABLE  1. 

88.  Magnitude  of  Electric  Railway  Undertakings  in  German 

Empire  and  United  Kingdom. 


German  Empire 
1911 

United  Kingdom 
1912 

Number    of    undertakings 

Miles  of  single  track 

258 

4.920 

26,078 

54.354.625 

430,512.031 

2.631.892,678 

13,237.024 

262 

4.202 

12,860 

77,087.944 

326.688.674 

3.145.805.137 

14.593,052 

No.  of  cars  of  all  kinds 

Capital  expended  £ 

Car  miles 

No.  of  passengers 

Gross  income  £ 

\ 
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TABLE  2. 
89.  Tramways  not  Operated  by  Electricity. 


Miles  of  single  track. 

Horse 

Steam 
locomotive 

Cable 

Petrol 
motors,  etc 

German  Empire.  1911 

United  Kingdom. 1912 

45  1 
38.7 

49  8 
42  3 

4.1 
50.1 

10.0 
4.8 

TABLE  3. 

90.  Ownership  of  Electric  Railway  Undertakings 
A — German  Empire,  1911. 


Private 
corporations 

Local 
authorities 

Public    ownership 

operated 

by  private 

corporations 

No    of  iinilertakinKS     

112 

2.711 

lti.390 

32.685,120 

200.729.075 

1.519.571.662 

8.095.757 

110 

1.646 

7.756 

16.232.025 

134.466,975 

899.127.262 

4.118.873 

36 

563 

1.932 

5.437.480 

35.315.981 

213.193.754 

1.022.394 

Miles  of  single  track 

No.  of  cars  ot  all  kinds 

C'aDital  exuended  £, 

Car  miles     

No.  of  passengers.  .  .    

Gross  income  £ 

B— United  Kingdom,  1912. 

Piivate  corporations 

Local  authorities 

\ t )    oi  u iif i^rt akiiiLjs           

94 

1.115 

3.444 

22.t.4.H.596 

81.191.368 

621.546.806 

3.534.873 

168 

3.078 

9.416 

54.439.348 

245.497.306 

2.524,358.331 

11.068.179 

Miles  of  sinf.;lt  track 

No    of  cars  of  all  kinds 

I'apital  expeniltMl  £    

Car  inilfS 

No    of  Dassenccrs      

Gross  income  £    
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TABLE  4. 
91.  Statistics  of  Tramways  in  Large  Cities. 

A — German  Empire. 


Max.  load  kw. 

Avg.  car  miles 
per  diem 

Avg.  pass, 
per  diem 

Annual  gross 
Income-marks 

Actual 

Per 
10,000 
Popul. 

Actual 

Per 
10.000 
Popul. 

Actual 

Per 
10.000 
Popul. 

Actual 

Per 

capita. 

Hamburg 

(936.000) 
Leiprig 

r690.000) 
Dresden 

(650,000) 
DuMeldorf , 

(360.0()0) 
Niirnbcig 

(330,000) 

AVBRAGE 

•  • 

2,145 

3.300 

1.386 

880 

•  • 

»  • 

36.5 

60.3 

38  8 

26.5 
40.5 

91.450 
69.910 
59.410 
27.040 
18.860 

•   •   •  • 

981 
1020 
1086 

766 

569 
882 

460.000 
328.500 
346,800 
183.000 
108.600 

•  • 

4940 

6590 

6320 

5120 

3280 
6050 

12.208,781 

11,120.573 

12.324.054 

5.524.714 

3.543,810 

■  ■  { 

12  97 

18  95 

22  55 

15  45 

10.69 
M16.12 
$  3  85  , 

B— Unit< 

^d  Kingdom. 

1 

Max.  load  kw. 

Avg.  car  miles 
per  diem 

Avg.  pass, 
per  diem 

Annual  ^ross 
Income-pounds 

Actual 

Per 

10.000 
Popul. 

Actual 

Per 

10.000 
Popul. 

Actual 

Per 

10.000 
Popul. 

Actual 

1 

Per 
capita. 

Manchester 

1,250.000) 
GlasROw 

(1.150.000) 
Birmin»iham 

(900.000) 
Leeds 

(450,000) 
Dublin 

(390.000) 
Average 

1 1  .(MX; 
11.500 

4.500 
4.500 

88 
100 

100 

115  4 
100  9 

51.400 
6.3.950 
36.000 
24.100 
19.650 

411 

656 

400 

536 

504 
481 

510.400 
85I.(K)0 
368.000 
245.800 
147.700 

4082 

7422 

4088 

5460 

3790 
4968 

887.647 
1.070.175 
581.566 
411.531 
293.748 

1 
0  710 

0.932 

1 
0.646 

0  914 

0  752 
£     0  791 
S     3  84 

18(N) 
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TABLE   5. 
92.  Statistics  of  Tramways  in  Small  Cities. 


*^ 

Max.  load  kw. 

Avg.  car 

miles 

Avg. 

pass. 

Annual  gross 

1 

per  di 

em 

per  diem 

Income-marks 

1 

Per 

Per 

Per 

10.<J<XJ 

10.000 

10.000 

Per 

Actual 

Popu!. 

Actual 

Popul. 

Actual 

Popul. 

Actual 

<  apita. 

V>\> 

3"  «. 

♦.215 

40«i 

3S.OO0 

25  K. 

1.474.199 

9  (i2 

Br  iiin^chwcMR 

1 113.531) 

M\*\ 

32  5 

7uy<) 

19 1 

33.100 

230»i 

1.205.577 

8  40 

Er'urt 

nil  \'  \) 

'M)\ 

rr  3 

3.>y) 

321 

19.0  to 

1708 

r»37.792 

5  72 

Fni'  -ir^: 

Cb.i.;i2>>) 

1«.5 

ly  h 

-'742 

329 

1S.S<K) 

22»M 

•iM.625 

7  98 

So'.:ri,:er 

i:ik')Jy^)) 

2o^) 

19  5 

'      373U 

738 

23.250 

IWMJ 

973.240 

19  25 

A  VK«  K<.¥. 

' 

3J  0 

45S 

2r,79 

MIO  20 

1 

$     2   15 

B-   United  Kingdom. 


H'-.' 


r     » 

I    '.S     1,1  Ml  . 

"t  I    .1  M  li  I 


M-... 


.')'  1  O'  M  t . 


■\  \  F  R  V  ■  .  ( 


\!rtX    I'M  i  "ka   ,    A'  k'-   Car   nnlt'S 

ptT  'lien'. 


_     I- 


'      p,--     I  I      Po- 

'    1<).(HHI  1().(MMI 

A.  ••■.■:  P  .:••:■       .\cf.:al     P'T'u". 


.\-.  ki.  pass. 
f>«r  diem 


I     I'er 

lu.rMjr), 


•»'•'>        ■)7    .'•  .>!•■.') 


17'X'     I  111    i»  ^7J'^ 


I  .1  l<  '  I  ■!      •  . 


■t.-    1) 


7  '.'  I        7  7   '  >  .  7  _'<  I 

•!7.'>       71    t    i       lJ;<t 
7  J   •> 


JJl    I     is. .">■><>       2^s<) 

_'MM  Jll.'MMI  221^7 


Ar.r.ual  gross 
Income-pounds 


.A':t-.);i'      Popul.,      .\ctual 


Per 

cap'ta 


53.7**4         0  311 


♦■.5.«U5         0  3*ifi 


4  3.27(»         0  .35H 


39.153         C    4  30 


".<140 

1K15 

1H.897 

0  31ft 

2190 

..    .      / 

£ 

0  360 

\ 

S 

1   75 
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TABLE  6. 
93.  Rail  Bonding. 
United  Kingdom. 


'Copper  Bonds. 

Solid  copper,  type  not  specified.  .  .  . 

Flexible 

Crown— 3/0  and  4/0 

Neptune  4/0 

Chicago 

Forest  City . 

Misc.  and  type  not  specified.         .  . 

Total,  copper  l.oiuls  only 

Welded  Rail8»  Etc. 

Continuous  rails,  type  not  specfied 

Yalk  cast  weld 

Thermit 

"      and  Yalk 

"      and  Tudor 

"      and  Oxy- Acetylene 

Total,  entirely  w,  hied     

Partially  Welded: 

Cupper  and  Thermit 

"     ot'ie.   ucldtd  joints   .  . 

Total.  i»artiall>-  ^^c■l<lt•  1  .     . 

Plastic  Bonds,  Etc. 

Plast'C  b<5n  is  ai^d  cmmht 


I 


No.  of 
iin<1ertakinKs 


9 

JO 

PJ 

« 

o 

15 


1 11 


1 
1 

\\ 
1 
1 
I 


31 


;<(. 


Mi'es 

of 

sin>^le  tiiick 

5tl0 

17'i 

321 

•_'.'1> 

•  » 

71 

3 

37 

•  1 

HM. 

8 

l.MIl 

5 

17 

L'O 

<.l 

ii 

15 

y 

-'S 

l.s 

])>0 

5 

1  3  1  J 

1 

377 

3 

1'  .S'.* 

4 

Fer  cent 
of  total 
(miles  I 


17   3'i 


I  ■-'«; 


n  3<7 


1  17    5 


1S02 
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TABLE  7. 
94.  Use  of  Negative  Boosters. 
United  Kingdom. 


Toliil  nurn^»«r  of  unclerlakinas 

Number  of  undertakings  using  negative  l>oosters 
[Per  cent  using  negative  roosters 


Number 


183 
39 
21.3% 


Miles  of 
»ingle  track 


3836. 
1162. 
30% 


Relation  between  Booster  Capacity  and  Plant  Capacity 

AvcraKe.  foi  25  ca^^es"  Booster  Capacity — 3-9%  of  plant  capacity. 
Highest—  9     'x  for  plant  of  500  kw.  capacity 

"     ••  800     "  " 

"     "  5725  "  " 

0  9  «;     ••  "  "  35<X)  *'  " 


12     %    " 
Lowest  —0  8   %    " 


TABLE  8. 
95    Distribution    Systems    for    Tramway    Feeders. 

United  Kingdom. 


No.  of 
undertakings 

Miles  of 
single  track 

S<»li<I  system,  all  types 

80 

63 

21 

6 

1888.2          ' 

ConMuii 

1839.2 

S()1|(1  iiiirl  (.on<!iiit                                                           

626  1 

Oveihe;nl,  wholly  or  partly      

40  9 

Not  reportetl 

170 
11 

1 
4394  9 

1 

181 
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German  Tramwav    Rails 


HiLLKKSCHIEHr 

PhonJK  Profil   I  and  la 
42.ean(l  45.7  Kg/^ 


Vl«HOLSCHIEHC 

SpKial  profile  far  Tramoiay 


iU  Rillenschiane  with  fort  ttjh-pble 

OvtRLAPPiMC  Rail  Joints 


Haarman  2  piece  Rail 


Figure  12 
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British  Tramwav  Rail 
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L  WEiexT  Data 


ill'!;; 

'         r,Ft>MANv'              1              1 

^ 

1 — 1 

1    Classified  by  Rail  iTypes 

Rillenschiene 

^Vignolschiene 

WecMselsleg 

-    5902 
'    1020 
--     71* 

m 

^Rillensc'htene-      \ 

till 

m 

:         i/iqno 

^   ; 

n 

•   1   1.4"^-^ 

'^ 
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= 
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Typical  Rail  Bonds  -  United   Kingdom 


Manchester 
(Standard) 


/N9  0000  Copper  Rod 


li 


t 


IE 


Flexible  Coppe^  Bord 


-  8"  — 
24^        - 

~   36"  - 


Glasgow 

(Standard) 


er^^" 


4. 


3t 

24 
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CflOSS-BONDmC  DETAfLS,  ETC  -  UNITED  KiMDOM 

Glascow 

Standard  Cross -Bonding 


Single  Cross  Boi 
Z:X 


z:2i 


Double  Rail  Bond 


i^L 


-»-^ 


^ 


40  yards  (2  rail  lengthsX 


Mettiod  of  connecting 
one  return  cable  to 
track 

London 
L  C  C  Return  Feeder  Connections 


Rail 


Rail 


4-N*0000  B&S  Bonds 
per  terminal,  about 
34*  long 


Bond  Terminal, 
clamped  and 
soldered. 


a^ 


^ 


Rail 


Bare  Cable-« 


Rail 


Lead  Sleeve -k 


Method  of  connectingS  / 
two  return  cables  to 
track  af  same  point.    ' 


\l 
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96.  Electrolysis  (jTesting  Methods.  The  surveys  made  by 
the  engineers  of  the  Earth  Current  Commission  of  Germany  are 
systematically  planned.  They  start  with  a  general  investiga- 
tion of  geological  conditions,  the  character  of  the  soil,  ground^ 
water,  and  so  forth,  continuing  with  a  general  survey  of  the 
present  condition  of  the  railway  property,  including  distribu- 
tion of  load,  track  and  rail  resistance,  location  and  loading  of 
supply  and  return  circuit  cables,  and  any  other  electrical  data 
relating  to  the  investigation.  The  surveys  then  take  up  the 
specific  measurements  relating  to  stray  current,  such  as  poten- 
tial differences  between  pipes  and  rails,  current  in  pipes,  and 
so  forth.  The  surveys  conclude  generally  with  recommenda- 
tions for  betterments  where  such  are  needed,  and  often  include 
estimates  of  the  cost  of  such  improvements. 

In  England  very  little  testing  is  done  to  investigate  electrolysis 
questions  and  no  technique  has  been  developed  for  such  work. 
The  only  extensive  work  in  recent  years  is  that  of  the  Cunliffe 
brothers,  and  their  work  was  directed  mainly  toward  the  in- 
vestigation of  certain  theoretical  questions  rather  than  toward 
the  systematic  investigation  of  any  railway  system.  The 
work  of  the  Cunliffes  appears  in  two  papers  presented  by  them 
before  the   British   Institution  of   Electrical   Engineers. 

97.  Abstract  of  Laws  and  Regulations  or  Recognized  Standards 

in  European  Countries. 
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L.    MISCELLANEOUS   NOTES. 

98.  Plan   of  German   Earth   Current   Commission   Reports. 

In  abstracting  these  reports  we  have  selected  at  random 
characteristic  studies  which  would  illustrate  the  method  pur- 
sued in  the  investigations.  We  have  not  made  any  attempt 
at  all  to  select  studies  for  direct  compxrison  with  any  specific 
American  condition.  In  interpreting  these  results,  the  above 
qualifications  should,  therefore,  be  kept  in  mind. 

The  reports  are  quite  uniform  in  character  and  contain  in 
general  the  following  data: 

I.  Maps  showing  the  location  and  extent  of  the  tram- 
way, water  pipe  and  gas  pipe  systems,  location  of  the 
generating  station  or  stations,  points  of  connection  of  the 
supply  and  return  feeders. 

II.  Soil — kind  (clay,  sand,  loam,  etc.)  moisture  content, 
chemical  composition,  resistance  per  cubic  meter. 

III.  Pavements — (in  some  cases  only). 

IV.  Piping  systems— both  water  and  gas  pipes.  Total 
length,  diameter,  material,  age,  depth  below  surface,  kind 
of  joints,  resistance  of  pipe  only  and  of  pipe  including 
joints. 

V.  Tramway  system. 

(a)  General  details  of  ownership  and  oi)eralion,  car 
schedule,  maximum  and  average  loads. 

(b)  Track  and  rails — total  miles  of  single  and  double 
tracks,  gauge,  rail  profile  and  cross  section,  standard 
length,  resistance  of  rail  alone  and  including  bonds. 

(c)  Rail  bonds  and  cross  bonds,  type,  cross  section,  per 
cent  increase  in  rail  resistance  caused   by   iionds. 

(d)  Feeders,  both  supply  and  return  feeders  -length 
each,  cross  section,  total  weight  of  coj)]ier,  current  -maxi- 
mum and  average,  return  feeders  bare  or  insulated  and 
with   or  without   regulating  resistance. 

VI.  Tests. 

(a)  Voltage  between  i)ipes  and  rails,  niaxinnnn,  mini- 
mum and  average,  with  ])olarity,  determined  at  numerous 
points  on  the  system. 

(b)  Voltage  drop   |)er  kilometer  on   pipes  an<]   on   rails 
and  calculated  current   flowing  on  pi])es. 

(c)  Determination  by  means  of  tele|)hone  wires  of  the 
relative  j)Otential  of  xarious  ])()inis  on  the  ];ij)ing  and  on 
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Reasoning  from  the  data  contained  in  the  body  of  the  report, 
recommendations  are  made  for  improving  conditions,  some- 
times accompanied  by  an  estimate  of  cost.  In  some  cases  a 
supplementary  report  is  made  which  shows  the  conditions  after 
the  changes  recommended  had  been  made,  in  whole  or  in  part* 

99.  General  Comments  on  Reports.  The  electrolysis  troubles 
in  all  cases  were  confined  to  a  few  localities,  and  in  no  case  was  the 
yearly  cost  of  repairs  of  such  amount  that,  on  the  surface,  would 
justify  large  expenditure  of  money  for  improvements.  The  Com- 
mission, however,  while  recognizing  the  importance  of  the 
financial  aspect  of  the  problem,  still  recommended  the  adoption 
of  the  relatively  expensive  remedies  for  the  reason  they  state 
"that  the  repairs  will  certainly  become  more  frequent  with 
lapse  of  time,  and  besides  the  increased  expense  so  caused, 
there  is  the  liability  of  service  interruption,  disturbance  of 
traffic,  pavement  replacement  and  even  danger  of  explosion 
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VI.  APPENDICES. 

100.  Resistance  of  Standard  Cast  Iron  Pipe. 

.  Note:  The  values  given  in  this  table  are  for  one  assumed  specific  re- 
sistance for  cast  iron,  wrought  iron  and  steel,  respectively.  For  exceed- 
ingly accurate  work,  measures  should  he  taken  to  determine  the  actual 
specific  resistance  of  the  metal  under  test.  Experience  has  shown  that 
this  may  vary  widely  from  that  assumed  in  the  tables;  in  other  words, 
the  table  values  can  only  be  used  for  approximate  results  unless  definite 
information  is  at  hand  as  to  the  specific  resistance  of  the  metal  under  test. 

Prom  pages  379  and  386,  1913,  Proceedings  American  Electric 

Railway  Engineering  Association. 

TABLE    FOR    DETERMINATION    OF    CURRENT    FLOW    ON 
PIPING  FROM   MILLI-VOLT  DROP  ALONG  CONTINUOUS 
LENGTH    OF    PIPE    BETWEEN    JOINTS. 

L  a  Distance  between  contacts  in  feet 
E  ■:  Instrument  reading  in  milli-volts, 
K  »  Constant  from  table. 


KE 


Current  flow  in  amperes. 


TABLE  9 
STANDARD  CAST  IRON  PIPE. 
(Based  on  a  resistance  of  0.00144  ohm  per  lb.  ft.) 


Classification 

Actual  Dimensions 

K  =current 

*A880- 

Weight 

for  one  milli- 

Nomi- 

cia> 

Class 

per  ft. 

volt  drop 

nal. 

tion 

Let- 

Head 

Press. 

Outs. 

Ins. 

exclu- 

per ft.  of 

Dia.in. 

Stand- 

tert 

Feet 

lbs.  per 

dia. 

dia. 

sive  of 

continuous 

ard 

sq.  in. 

in. 

in. 

hub-lb. 

pipe. 
Amperes. 

N 

A 

4.80 

4.12 

14  0 

10  3 

N 

C 

•  .  . 

4  80 

4  08 

15  7 

10  9 

N 

E 

.  . . 

.  .  . 

4.80 

4.02 

16  9 

11.7 

G 

4.80 

4.00 

17.2 

12  0 

W 

A 

100 

43 

4.80 

3.96 

18.0 

12.5 

N 

G 

.  .  . 

.  .  . 

5  00 

4.16 

18.9 

13  1 

N 

I 

5.00 

4.10 

20.0 

13  9 

W 

B 

200 

86 

5.00 

4.10 

20.0 

13.9 

N 

K 

5  00 

4   04 

21   3 

14.8 

APPEXDICES 


TABLE    FOR    DBTBRMINATIOX    OP  CrRRS.ST  PLOW  OM  STANDARD  CAST 

IRON  PIPE  PROM  MILLIVOLT    DROP    ALO-VG    COVTINUOUS    LBKCTM     OP 

PIPE    BETWEEN    JOINTS      (C>->><im4  ) 


CLAntflcariOH 

Acn-AL  DOUUKIOHS 

K-omu 

Weight 

[oroHDulli-: 

Vonii- 

ul 

CUu 

HMd 

Pmn. 

Ins 

t^i*<>- 

per  ft.   dT 

Diitn. 

StwJ. 

Ltlter 

FMt 

««.(*• 

1"- 

■" 

u^cir 

Dipc. 

w 

,. 

3UU 

1*, 

a  uu 

.« 

31  s 

14  ■ 

w 

D 

41U 

173 

s  uu 

s  na 

taa 

ISS 

N 

A 

•  M 

*  It 

3i.3 

10  0 

N 

C 

fl  w 

ze.T 

».• 

C 

H  m 

004 

■7  3 

». 

W 

A 

lUU 

43 

0  W 

SOJ 

278 

MS 

P. 

n  DO 

SOB 

»  1 

Ml 

w 

H 

ivi 

w- 

T   Itf 

e  H 

».l 

11  0 

X 

u 

7   10 

«  10 

334 

33  S 

W 

3UJ 

I3U 

7  lU 

6  IH 

13  9 

n  8 

■'* 

1 

7   10 

6M 

*4  a 

a*  3 

W 

D 

400 

ITS 

7   lO 

«oa 

SS  3 

21   S 

W 

B 

500 

7  2* 

<HM 

a77 

w 

F 

au] 

»UI 

7  33 

B  m 

)«< 

Z1  4 

w 

(J 

7.111 

J<ll 

7  S» 

fl  ua 

43  H 

39  7 

w 

It 

wu 

317 

7  38 

fl  00 

4$  a 

31    4 

..J 

;i 

s  (>s 

a  it 

3$S 

M.7 

G 

9  DS 

8  IS 

)7« 

zo.s 

L 

W 

A 

100 

4S 

B  OS 

s  la 

31  7 

M-9 

j; 

C 

»05 

8  M 

10  1 

no 

W 

B 

M 

0(15 

S  03 

»-• 

>•' 

B 

goi 

7  M 

44  3 

•0.7 

W 

c 

*«) 

ISO 

0  SO 

a.  IS 

47  S 

SS.8 

N 

»  M 

9  U 

49  0 

34. » 

w 

b 

4.10 

IT» 

ft  30 

S.IO 

Sl.l 

■*• 

.\ 

1 

ft  30 

B  M 

»• 

»T  t 

w 

E 

Sno 

ft  il 

i  10 

*a7 

10« 

w 

F 

l«U 

SOU 

ft  42 

aoo 

•04 

4S  1 

w 

G 

7-10 

KM 

ft  CO 

S   10 

wo 

tS  1 

w 

H 

S«) 

uw 

g  .00 

SM 

MO 

480 

10 

_., 

.   !     . 

11   10 

10  10 

4«0 

St  D 

10-13 

W4 

10 

-■^ 

B              -    . 

11   10 

10-10 

"' 

)a.i 

■ 

■ 

1 

APPENDICES                                             1831 

TABLI' 

FOR 

DETEHM  [NATION    DP  CURREXT  FLOW  ON*  STANDARD  CAST 

IRON 

PIPE  P 

ROM 

tILLl-VnLT    DROP    ALONG    rONTINUOUS    LENGTH    OP 
PIPE    BETWEEN    JOINTS.     lCo'<linuid ) 

Cr.A*s 

rlCATION 

ACIIAI     DiHEHSrONS 

K-mutnt 

*AS50- 

W^ighl 

foronrfflilli^ 

nsl. 

it™ 

Clnsa 

HcNd 

Pre^^, 

01.15. 

€ICIU- 

v-,li  ihup 
Pf    fl,  o( 

,Ui>.in 

SlHilli 

ani 

Lcltcf 

F«i 

t"' 

t. 

Z-il 

pipt. 

w 

A 

lm 

■13 

11    HI 

Ill  in 

51   9 

311  1 

N 

^' 

ri 

11  I.I 

n  m 

.'.;  11 

411   i 

W 

[, 

irim 

K« 

11  III 

11  iir, 

M   11 

41,1  tt 

1     1" 

w 

^ 

am) 

tail 

11  III 

i;;  z 

"E  5 

!ss 

1     10 

1 

1  z 

" 

Z 

^;:j, 

13  an 

la  311 

111  (i» 

10  Wl 
12  14 

7U  5 
73  S 

11.4 
lis   5 

AS  e 

M  (1 

SI   I 
15  7 

1  \l 

V 

A 

i-m 

IS  L'll 

11 "" 

7S  a 

i; 

w 

1, 

21  Kl 

Hll 

i:i  i'ft 

11  ail 

7r,  4 

63  (1 

\ 

la 

w 

'" 

,1(X1 

1^1 

l:i  (Hi 

IK  11 

«S  S 

SO   4 

fj 

p 

13  Wl 

i-2    12 

Hfl   H 

no  a 

ni  5 

na  1 

w 

'* 

i7;i 

13  Sn 

'-  '"* 

1.3   X 

na  1 

w 

II 

m, 

.1- 

!3  7^ 

li  n 

;;;  ,^ 

III 

1    '■' 

w 

r 

t.iin 

Ml 

13   7H 

'■'  "" 

112  0 

77  g 

w 

II 

aiiA 

317 

u  OS 

12  m 

133  0 

02  4 

s; 

rt 

IS  an 

14    L14 

-I-.  H 

53   4 

N 

15  ;iii 

'^ 

im 

r. 

n  Hi 

"-  ' 

"    ' 

APPENDICES 


TABLB  POR    DGTEHMINAriON    OP  CURRENT   FLOW  ON  STAMDAHD  C« 
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TABLE    FOR    DETERMINATION    OP    CURRENT  FLOW  ON  STANDARD  CAST 
IRON  PIPE  FROM  MILLI  VOLT    DROP    ALONG    CONTINUOUS    LENGTH    OF 

PIPE    BETWEEN     JOINTS.     {Cuntinufd.) 
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101.     Resistance  of  SUndard  Steel  or  Wrought  Iron  Pipe. 

TABLE  10 
STANDARD  STEEL  lOr  Wrought  Iron)  PIPE. 
(Based  on  ResisUnce  of  steel  0.00021  ohms   per   lb.   ft.      Basel    on 
e  of  wrought  iron  0.000181  ohm  per  lb.  ft.) 
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Resistance  of  Lead  Cable  Sheaths 


TABLE   11 


s    IMCriCRMININO  CURRENT  ON    LEAD  CABLE  SHEATHS   FROM 
\vM  TACK  DROP  IN  MEASURED  LENGTH  OF  SHEATH. 
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AMERICAN   INSTITUTE   OF   ELECTRICAL   ENGINEERS 


REPORT   OF   THE   BOARD  OF  DIRECTORS  FOR   THE   FISCAL 

YEAR   ENDING  APRIL   30,   1916 


The  Board  of  Directors  of  the  American  Institute  of  Electrical  Engineers 
presents  herewith  to  the  membership  its  Thirty- Second  Annual  Report, 
for  the  fiscal  year  ending  April  30,  1916..  A  General  Balance  Sheet  show- 
ing the  financial  condition  of  the  Institute  on  April  30,  1916,  together  with 
other  financial  statements,  is  included  herein. 

The  Board  has  endeavored,  as  far  as  possible,  to  keep  the  mernbership 
informed  of  its  proceedings  by  publishing  monthly  in  the  Institute 
Proceedings  a  resume  of  the  business  transacted  at  each  meeting.  These 
notices,  however,  are  necessarily  incomplete,  as  many  important  matters 
are  considered  which  cannot  be  disposed  of  at  one  meeting  and  which 
must  be  held  over  for  future  consideration  and  action.  Eventually  such 
matters  are  dealt  with  in  subsequent  issues. 

Directors*  Meetings. —  During  the  year  the  Board  of  Directors  held  10 
regular  meetings,  one  adjourned  meeting,  and  one  special  meeting.  The 
adjourned  meeting  was  held  on  December  11,  1915,  for  the  purpose  of 
considering  the  report  of  the  Constitutional  Revision  Committee.  The 
special  meeting  was  held  on  January  21,  1916,  for  the  purpose  of  acting 
upon  an  invitation  from  President  Wilson  to  President  Carty  to  nominate 
from  the  Institute's  membership,  candidates  for  appointment  by  the 
Secretary  of  the  Navy  upon  the  Organization  for  Industrial  Preparedness, 
referred  to  elsewhere  in  this  report. 

Eleven  of  these  meetings  were  held  in  New  York,  and  one  in  Deer 
Park,  Md.,  during  the  Annual  Convention. 

Annual  Convention. — The  Thirty- vSecond  Annual  Convention  was  held 
in  Deer  Park,  Maryland,  June  29-July  2,  1915.  The  total  attendance 
was  202,  which  included  43  ladies.  Although  the  attendance  was  small, 
due  possibly  to  the  location  being  somewhat  remote  from  the  larger 
membership  centers,  the  convention  was  very  successful  from  a  technical 
and  social  standpoint.  Thirty-one  ])apers  were  presented  at  the  seven 
technical  sessions. 

Panama-Pacific  Convention,  -'i'he  Panama- Pacit'ie  Convention  was 
held  in  San  Francisc*^  September  16-18,  1915.  It  was  arranged  chiefl\' 
to  provide  an  Institute  meeting  in  San  Francisco  for  Pacific  coast  members 
during  the  Panama- PacilK-  Exposition  in  ])lace  of  the  Iiiternational  Elec- 
trical Congress,  which  ha<l  been  scluMluled  to  be  held  »)n  the  same  dates, 
but  which  had  \)ven  postponed.  The  eonvention  was  unusually  successful. 
Three  hundred  and  fifty- five  rnenil)ers  registered,  of  which  a  considerable 
number  were  eastern  members  visiting  the  HxjxjsitiiMi  and  attending 
the  International  h^ngineering  Congress.  Twenty-six  papers  were 
presented  on  a  variet\'  nf  engineering  sul)iev;l>. 

Midwinter  Convention,  New  York. —  The  Fourth  Midwinter  Conven- 
tion was  held  in  New  York  i)n  l''e])ruar\'  S  an<l  '.),  19U).  The  t<jtal  regis- 
tered attendance  was  (wl,  nf  which  nuniber  3S()  were  meml)ers.  The 
291  guests  included  175  ladies.  h^leven  jjajiers  were  [)resented  and  four 
technical  sessions  were  helrl.  ;\  snl)scri])tion  dinnrr-danee  was  held  at 
the  Hotel  Astor  on  the  evening  of  P"'el)ruary  8,  which  was  attended  by  4lii-> 
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nheT<  an«i  giie>ts.      The  pr^xeedi?  from  the  sale  of  tickets  to  this  func- 
covered  all   of  the  expense^  and  proNnded  a  surplus  which  will  be 
lilaMe   towards   tief raying   the   expenses   of   future   midwinter     social 
ictions. 

Philadelphia  Meeting.— An  In^titlltt•  meeting  was  held  in  Philadelphia, 
...  nn  Ovioher  11.  llMo.  under  the  auspices  of  the  Philadelphia  Section. 
'hree  papers  were  pre>cnted  and  the  total  attendance  was  200.     This  is 
[he  third  annual  meeting  of  this  kind  to  l>e  held  in  Philadelphia  at  the 
»pening  "f  the  a>.live  seas«»n. 

St.  Louis  Meeting.—  ( >n  October  10  and  20.  1915,  Institute  members  in 
the  middle  west  were  given  an  opi.x»rtunity  to  attend  a  two-day  Institute 
m.eeting  which  was  held  in  St.  Louis,  Mo.,  under  the  auspices  of  the  St. 
Louis  Scvti-'n.  --n  the  -Kvasion  of  the  100th  meeting  of  that  Section. 
Eleven  i-apers  were  presented,  and  the  total  attendance  was  201.  Mem- 
bers >:  the  As>"c:atei  Engineering  Nx^ieties  of  St.  Louis,  with  which  the 
Scvt:   n  :>  atrilijitri.  lartivipated  in  this  meeting. 

Water  Power  Meeting,  Washington,  D.  C. —  This  m.eeting  was  held 
:n   \\'.i>h:r£:t    r.  •  r.  Apr:'.  Jt^   I'.Uri.  under  thtr  auspices  of  the  Washington 


C   n. rrv.::ce      n    Dcvcl'»pm.ent 


•.»i 


Water   Power.      Five 


*  • 


:  r..:  .-.re  :  pti:  vr-  were  pre>en:ed  -^n  the  general  subject  of 

»\  ,1  -   .   .      .'At..      .  '.•     .  .  .'.      .  .  .'  - 


:r::il  a  b.  aniem^ent  of  the  countr\*. 
I'.oi  i^ue<:-  attended  the  meeting. 


.•ery 

7w    -•.:•:  :'•:  :  .;-  :  :  :\y  r:v:r'  tr-  :i 

National  Meeting,  May  16,  1916.   -  .\n  even:  unique  in  the  history*    of 
"-:    :-.-••.:/.:•     i-  i     r.-.  whi^h  .>  av.ra.v.ng  widespread  interest    ^-ill  take 

l'».    l'.*U'»       T':.>    .-    ^    Nat:   na'.    Meeting    which   will  be 

•.:-*.;.      ::.r.-:i:h    :::•,     r>ci:um    ••!    the    long    distance    tele- 

•".-'vr.    ,::!v>:   ::.v-:-.tb.  .    Svir.    Franv:sv':'.    Chicago,    Atlanta. 
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.\--::i:    Mo-'-.r^;     !   -.ho   Institute,  and  al- 

r-    •;  •    .\:.-  :^'.  N!--:':"^:  wi'l  ''•?  transacted 

'  :r.r^-.:ri:.  :*.  :-  '.'.'.-.'-. -  :  :•.»  reserve  a  pan 
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■  ^ ».  tK.iucf  as  might  be  presented  and  found  worthy  of  con- 

».  s.,      •  nc  uiulf Hying  idea  was  to  make  available  the  latent  inven- 

...     ..j^.nccii  11^  genius  of  our  country  to  improve  the  navy,  and  to 

.>x     ..h,.ci  N  of  the  service  into  more  intimate  contact  with  the  indos- 

.  .  .    .♦.»  V.-.. '»i  the  country.     Similar  invitations  were  extended  to  ten 

. .-. .    . .;  ui  I'K  iiiul  engineering  organizations.    The  two  members  officially 

.  .w  .i  vi    i'l  this  service  by  the  Institute  were  Mr.  Prank  Julian  Sprague, 

,    \«  A   "v  -►]}<,  and  Mr.  Benjamin  G.  Lamme,  of  Pittsburgh,  Pa.,  both  of 

..uiii   wcic  appointed  by  Secretary  Daniels  as  members  of  the  Naval 

•;i..uliinx    Hoard.     The  excellent  work  of  the  Board  has  •already  rc- 

V  AM  vl  .«»  imuh  attention  from  the  public  press  that  no  further  statement 

M.^ai»liii>;  It  is  necessary  in  this  report.     Recently  its  usefulness  has  been 

.;jiail\   iMihtrged  by  the  organization  of  representatives  from  each  state 

n  I  h(.   I'liion  to  assist  in  the  work  of  collecting  data  regarding  the  manu- 

i.tiimu»>^  resources  of  the  country. 

C>rganization  for  Industrial  Preparedness. — This  movement  was  in- 
iijjkjuiaicd  as  the  result  of  the  valuable  service  rendered  by  the  Naval 
(.  Mii.iiltnij^  Board.  Its  purpose,  as  expressed  in .  President  Wilson's 
Klum  to  President  Carty  inviting  the  Institute  to  nominate  representatives, 
I .  l(»  assist  the  Naval  Consulting  Board  in  the  work  of  collecting  data  for 
u  .{■  \i\  organizing  the  manufacturing  resources  of  the  country  for  the  public 
,<i  vi<  ('  in  time  of  emergency.  'I'he  Institute  was  invited  to  nominate,  for 
I  In-  api)roval  of  the  Secretary  of  the  Navy,  a  representative  from  its 
iinriilxTshij)  from  each  state  in  the  Union  to  act  in  conjunction  with  repre- 
tiilativcs  of  the  American  Society  of  Civil  Engineers,  the  American  So- 
I  icty  of  Mcrhanical  Engineers,  the  American  Institute  of  Mining  En- 
vonccTs  and  the  American  Chemical  Society.  At  the  call  of  President 
Carty  the  Hoard  of  Directors  of  the  Institute  held  a  special  meeting  on 
January  21,  191<i,  lo  act  upon  this  invitation,  and  at  this  meeting  Presi- 
dent Carty  was  em])o\vered  to  select  the  nominees  on  behalf  of  the  Insti- 
tute. A  list  of  these  nr)minees  was  subsequently  submitted  to  the  Secre- 
tary of  the  .\avy  and  the  api)ointments  were  made.  The  state  repre- 
sentatives are  otVieially  kTU)wn  as  the  State  Directors  of  the  Organization 
for  Industrial  Prrparcduess,  and  Associate  Members  of  the  Naval  Consulting 
Board  of  the  I'nUcd  States,  and  it  will  be  the  duty  of  these  directors  to 
make  a  I  aiivass  of  the  industrial  establishments  in  their  respective  States 
and  ha\e  them  till  out  a  eonfirlential  form  giving  in  detail  data  regarding 
their  manufat  turiu)^  and  i)roducinji[  resources.  On  April  20,  1916,  Presi- 
dent Carty  issue(]  a  letter  to  all  Institute  members  in  the  United  States 
a|)|)ealiiig  to  tlieni  to  assist  in  the  work. 

Representatives.  In  addition  to  its  regular  representation  upon  the 
various  joint  eonmiittees  and  other  local  and  national  bodies  with  which 
it  has  been  afliliated  in  ])ast  years,  the  Institute  has  also  appointed  special 
represent  at  i\(s  on  numerous  occasions  during  the  year  in  connection  with 
matters  of  interest  to  the  Institute  and  to  the  engineering  profession, 
especiall}'  in  ei\ir  affairs  and  matters  pertaining  to  legislation  affecting 
the   j)rofession. 

Committees.  There  has  been  no  change  in  the  number  and  character 
of  the  standin)^,  teehnieal  and  special  committees,  but  a  committee  has 

luen  investij^'atin^'  the  fields  of  the  respective  technical  committees,  and 
:«    ;  .    I  .  I  1      .1..  .    «i.. :ii    i..^    i,i:*; »^„4-   ..r>»_        titi^u   ^^^ 
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two  Hxcefilions  all  of  Ihe  coramillces  have  been  more  or  less  active. 
Alivtritct!.  ot  tlie  refiorls  of  the  chairmen  of  many  of  the  Institute  cornmit- 
tte;:  to  thf  Bonn]  of  Uireciors  ore  induced  herein  as  follows; 

Sections  Committee.— The  HecliQiw  Committee  is  able  to  report  a 
Rratifyinfi  incrcu'ii'  in  ;ir'ivily  Hntl  intcrcil  on  tho  pArt  of  the  Sections  and 
Branches  liunnji  thi>  yejit. 

Althuugh  ihi-  numliur  of  mPCliiiKS  hiis  mil  griyilly  incTea.-ii-'d,  the  attend- 
ance has  tieen  cunbiderahty  larger,  nntwilh&tanilin)!  the  lai  i  that  two  Sec- 
tions have  necessarily  heen  inai'livf  Juring  the  iiresfrir  year;  namely, 
Mexico  and  Toronto,     ThcToronlo  Section  isinHClivi-  ■mly  temporarily. 

Two  new  Sections  wcruOrBaniiO'I  during  the  year:  <mi-ai  Denver,  Colo., 
nn  May  18,  1U15,  imtl  the  oliier  «t  Kansas  City,  Mo  ,  nn  .\pril  U,  191fi. 
The  Denver  Socliuir  Im*  made  an  extelleiit  start  and  iMt'iing  good  work. 
The  Kansas  City  section  waft  jutil  orKUUi^ed  a  month  ugo  iiiid  has  therefore 
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Maatlngs  and  Papers  Committee.— The  MeetingKand  Papen Cooiroit- 
tee  hus  liclil  rcKiilfir  miirthly  meetings  ihroughout  its  term  of  office,  at 
which  mrotingK  the  dispositirjn  of  ull  manuscripts  submitted  ha« 
lieen  ultuniJei]  tu  and  the  repilar  Institute  meetings  and  conventions 
decided  upon.  In  addition  lo  the  monthly  meetings  in  New  York, 
meclinss  hBVe  been  arranged  for  by  this  committee  in  St.  Louis,  Phila- 
delphia un<l  Washington.  The  Panama- Pacific  Convention,  the 
Midwinter  Convention,  the  Annual  Convention,  Cleveland,  and  the 
Padfit-  Coast  Convention  at  Seattle,  have  also  twen  arranged  for 
by  Ihih  Lommitlee.  Following  its  practise  in  previous  years  all  manu- 
sL'ii|ji:  v^hivh  have  been  submitted  have  first  been  passed  upon  by  one  i>f 
the  si:i,  ml  technical  conitnltlets  Ijcforts  being  finally  acted  upon  by  the 

Standards  CommittEe. — The  1915  edition  of  the  Standardiiation  Rules, 
repri-stntmg  the  work  of  the  Standards  Committee  of  1914-1015,  was 
presented  to  ami  approved  by  the  Bonrd  of  Directors  at  the  Deer  Park 
Convention  mtetiiiu,  July  1,  1915.  The  revision  was  not  radical,  but 
rather  a  completion  and  clarification  of  the  radical  res-ision  of  December 
1.   19U. 

The  present  Cdnimillcc  lian  held  monthly  mM'tings  for  the  considera- 
tion of  amendments  and  adilitions.  The  work  has  been  largely  carried 
on  through  the  niedium  of  30  BUh-eommiltees  charged  with  various  parts 
I'f  the  field,  whose  reports  have  been  reviewed  by  the  whole  committee. 
N'o  final  action  will  lie  t.iki-n  cm  ihc  proposed  amendments  until  the  May 
mCfling.  whicli  will  prol,,.!.!'    ■.,   i   (,.,     ,\,t,iI  days. 

Till' cli.iMKcs  lu  III' .I...:         1..    \|  IS  meeting  are  for  the  most  part 

not  r,idi.ul,  allhinigli  Ih.        ■  i    ■.  liriLl  improvements.     These  will 

be  presented  to  the  liij.iul  ..1  Ihi.a  i .,  .a  the  Cleveland  Convention  in 
June,  and  if  approved  will  bu  iiici>r|i<>riited  in  the  IHIG  edition  which  will 
become  efTeilivc  on  August  1. 

In  order  to  insure  greater  continuity  tj  ptJjcj'  and  jnelhpd  In  the  worlc 
of  the  Standariis  Committee  from  year  to  year  the  committee  will  pre- 
sent lo  the  Board  of  Directors  for  its  approval  a  set  of  by-laws  with  the 
recommenilation  that  any  future  changes  thereto  can  be  made  only  with 
the  saULliciii  of  the   Hoard. 

During  the  year  a  number  of  additions  have  been  made  to  the  list  of 
I'lijpcraliiii;  sinictics.  which  incluiles  several  foreign  societies. 

Code  Commiltee.-  The  Code  Committee  has  continued  to  represent 
the  Insiituif  ml  the  lilcctrical  Committee  of  the  National  Fire  Protection 
.Association,  Only  one  mccling  was  held,  in  Boston,  and  nothing  trans- 
pired at  this  meeting  of  sufficient  importance  to  merit  special  mention. 

A  subcnmmittcc  of  the  Code  Ccmimittcc  spent  much  time  cooperating 
with  the  U.  S.  Bureau  of  Standards  during  the  year,  working  on  the  Na- 
tional S;ifcty  Code  which  the  Bureau  is  formulating  and  which  it  expects 
|.t  issiLi-  .sometime  in  the  near  future.  This  was  a  continuation  of  the 
kind  of  work  carried  on  hist  year,  and  represents  the  real  activity  of  the 

Library  Committee. — The  united  libraries  of  the  founder  societies  and 

■■■■'  FvuKineiriiig  Society  are  now  controlled  and  administered    as 

'  —rv  Ruard  of  the  United  Engineering  Society 
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under  an  aRrcemcnl  whith  look  effect  cin  January  1,  1915,  and  in  accord- 
ance with  the  hy-laws  of  that  society.  The  first  annvial  report  of  the 
Library  Bonn!,  for  the  year  1915,  was  issued  and  published  in  pamphlet 
form  in  January  IfllO.  A  synopsis  of  the  report  appeared  in  the  Institute 
Pkoceedings  for  February  1916,  It  includes  many  interesting  statistics 
of  the  accessions  to  the  lihrary,  its  utilisation,  its  finances,  and  a  list  of  the 
donors  of  hooks  and  pamphlets. 

Railway  Committee. — ^The  Railway  Committee  this  yen.r  his  cooperated 
with  the  Standards  Committee  in  respect  to  the  revision  of  Rule  No.  418 
of  the  Standardization  Rules,  and  has  made  suggestions  regarding  the  rule 
for  incorporation  in  tlie  final  edition  of  the  Rules.  Some  consideration 
has  been  given  to  a  more  standard  terminology  fur  electric  railway  de- 
vices and  the  standardization  of  voltages  for  railroad  purposes. 

Transmission  Committee. —The  Transmission  Comniittee  has  this 
year  continued  its  practise  ol  securing  a  consensus  of  npinii'n  of  the  best 
informed  engineers  anil  upernting  men  on  some  seleiUil  subject  or  sub- 
jects and  cither  repr.jdiicing  or  digesting  Ike  material  fur  the  benefit  of 
the  membership.  This  year  the  coramitlee  will  make  reports  at  the  An- 
nual Convention  on  experiences  in  the  effect  of  altitude  in  the  operating 
temperature  of  electrical  apparatus,  and  in  the  use  of  the  grounded 
neutral  in  high  tension  system.i. 

Electric  Lighting  Committee.  —The  inetlrii:  l.ightinj;  Committee  has 
held  several  meeling.^-  during  llie  year  at  whicii  the  principal  subject  of 
discussion  was  the  arrangement  of  circuits  for  street  lighting  purposes. 
A  paper  on  this  subject  will  be  presented  at  the  Annual  Convention. 

Industrial  Power  Committee.— .As  in  previous  years,  Ihe  Industrial 
I'liwer  Committee  cooperated  with  the  Sections  and  Branches  in  arrang- 
ing meeting-,  "ii  iIk-  Mibici  i  '.f  industrial  power.  The  Cleveland  Section 
appointed  :i  liic.il  iTiiin-lri^.l  iMnitT  committee  and  later  a  considerable 
number  o/  ,^cctiuiiB  aiiij  tiiuiii:li»  fulluw^-ii  its  examplir.  Each  Section  and 
Branch  was  requested  to  hold  at  least  one  meeting  during  the  year  on  the 
subject  of  industrial  power,  and  the  local  committees  were  of  great  assist- 
ance in  arranging  for  these  meetings.  The  Industrial  Power  Committee 
was  also  able  to  obtain  for  the  use  of  the  Sections  and  Branches  a  num- 
ber of  lantern  slide  lectures.  The  comniittee  has  been  assigned  one  ses- 
sion of  the  .\nnu:il  Convention.     Four  meetings  were  held  during  the  year. 

Electrochemical  Committee. — The  Electrochemical  Committee  has 
confined  it.s  work  tn  efforts  to  obtain  suitable  jtapcrs  on  electrochemical 
subjpcts  which  the  committee  considered  might  be  of  general  interest  to 
the  membership.  The  commiUcc  iirmnged  for  the  joint  meeting  with 
the  New  Y..rk-  Scition  .>f  the  .\merican  Klectn>chemical  Society  held  in 
.\cw  York-  on  M;ir^b  H),  H)Hi. 

Electrophysics  Committee.— The  work  of  the  Electro phy:.ics  Committee 
has  been  directed  chiefiy  to  obtaining  and  reviewing,  for  the  Meetings  and 
Papers  Committee,  papers  on  subject.-;  relating  to  the  phy.sical  theory 
underlying  the  application  of  electricity  to  electrical  engineering.  Six 
papers  have  thus  far  been  obtained  and  two  others  promised,  Vt  the 
six,  three  have  already  been  presented,  one  will  be  presented  at  the  An- 
nual Convention,  and  two  will  be  offered  for  future  meetings. 
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Iron  and  Steel  Industry  Committee. — This  committee  has  arranged  for 
a  joint  session  between  the  A.I.E.E.  and  the  Association  of  Iron  and  Steei 
Electrical  Engineers,  for  Wednesday,  September  20,  1916,  during  the 
annual  convention  of  the  Association  to  l>e  held  in  Chicago,  September 
lK-22,   1916. 

Committee  on  Use  of  Electricity  in  Mines.  -A  session  of  the  Panama- 
Pacific  Convention  held  in  San  Francisco  in  September  1915  was  devoted 
Xf)  mining  work  and  a  number  of  papers  were  presented  dealing  particularly 
with  metal  mine  problems.  Some  work  was  also  done  by  the  committee 
in  conjunction  with  the  U.  S.  Bureau  of  Mines  regarding  rules  for  elec- 
trical installation  in  mines,  but  owing  to  business  conditions  it  has  not 
been  possible  to  j^et  the  memK>ers  of  the  committee  together  for  a  thorough 
discussion   of   the   subject. 

Committee  on  Use  of  Electricity  in  Marine  Work. —  The  work  of  this 
committee  has  been  directed,  first,  to  obtaining  papers  dealing  with  elec- 
trical installations  on  shipboard,  and,  second,  to  continuing  the  work 
carried  on  during  the  previous  two  years  in  securing  standard  rules  for 
\arious  types  of  marine  installations.  A  paper  on  this  subject  was  pre- 
sented at  the  Panama-Pacific  Convention,  and  several  pai>ers  are  in  view 
dealing  with  auxiliary  power  plants  on  shipboard  for  lighting,  and  for 
power  for  radio  telegraph  sets  in  cases  of  emergencies. 

A  sub-committee  of  this  committee  is  now  at  work  in  conjunction  w-th 
Lloyds  and  the  American  Bureau  of  Shipping  in  an  endeavor  to  bring  up 
to  date  and  standardize  the  rules  of  the  various  building  and  insurance 
societies. 

Protective  Apparatus  Committee.  The  w..rk  of  the  Protective  Appara- 
tus Committee  during  tht^  yr-ar  might  be  divided  into  five  categories,  as 
follows;  1.  An  riulvavor  *<•  standardize  lightning  arresters  and  similar 
prottc  ti'.c  'K'VK«L>.  2.  ('"n>:'irrat:on  and  discussion  of  the  factors  in- 
volved ::-.  atteir.ptiTi)^'  l<'>  >tanfiard:zt.-  the  rating  of  oil  switches.  3.  An 
analysi-  -  f  the  protcet:\e  pr'/rle::-!>  connected  with  relays,  split  conductor 
cah'le.-.  aT:d  like  pr'-'e*. ♦.r.e  n:ean>.  4.  Collection  of  data  on  partially 
S"l\T'i  :-r"!  le:7.-  rela*::.>;  ••■  ;.'r''tect'.-.e  devices  and  continuity  of  service 
:n  tl.o  •ran-:7.:>  =  i"D  --f  tlei*r:cal  energy,  o.  Presentati«»n  of  data  in  the 
irrrr.  '-■i  \:i\  -:rs:  t'-  Tir  'Ka'.-.rt;  ".vith  "ptratir.g  experiences  with  protective 
''f-\-::e^,  *hrfe  <jt.  :  re-.^ini:  rr*  •" '!<•"■  n*.-  relating  tt»  line  insulators,  and  one  on 
*'•"•'•  *he''ry  '■!  parallf-l  pr^'V.nde-l  uire.-. 

Committee  on  Records  and  Appraisals  of  Properties. —  The  geographical 

■  ■-*  r:''  v.f    r.  < .<:  t;.e  c  •::: :r.i' tor  r:a-  n~.ade  it  necessary  to  carry  on  its  work 

*'~r'ug/.   *:  p  :n':':::r,  '  ,i  ■  ■  rrr?;v-':.-le:".ce.      ^)!.e  of  the  results  of  the  com- 
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r>r- 


■A'T-;  T.a-  *r-  [^^^ -er.tat'.-'n  '"u  '^c/erai  ver\-  important  papers  '-ir 
'.ar:^u~   ira-e     (■{  ar;ra>a!    ':\rk  at   th.e   l^anama-Pacific  Convention. 

A  '' r.' :  i- "a' i'  rv.rr.'T  •  f  r.ference-  r.ave  h-cen  held  by  members  of 
':.'■  '.^,r:\:r.:\'-r-,  :^--  .-,  ^*  --.['  '■!  v.  :.!■  r.  :t  :?  planned  to  present  at  the  October 
:r.f  ■-'■.: ni/  : :.  .N  *  v.  \ ■  r'r:  a  r.u:;/  •: :  •  '  ;  :-^<(  r-  ''•;.  arj-raisal  work  and  a  topical 
-"h.-  'I--;'  :       :    r.'*!.'    i-     .1   k.  t  ;  .r,.:  :•:'.  t  nt  •■ne-  and  appraisals  up  to  date 

I:.  ■.  :e-.'.  :  '..*  v.;  \'  .,ir:e*-  ■:'  'piin'/i.-  L-inceruing  inventory  and  ap- 
;  •'.^:  ii'.  ■•■■:"-..  *:■  •.::.:•.:'*•••  '(he\c^  that  :t  is  n-jt  wise  to  attempt  to 
pT'  e:.-  a:  ;.  t'  :•  ^:  ::.  t:  -  '..i'.-:.-:-  'f  a  on^;  lete  report  but  recommends  the 
con*::   :.';-   -    -:  \'..^  >-■ -n: n:r, f-c  :n  ordr^  that  further  study  and  investiga- 
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Educational  Committee. — The  Educational  Committee  has  decided 
to  begin  the  preparation  of  a  list  of  topics  suitable  for  advanced  study, 
research  and  invention  in  electrical  engineering.  This  was  considered 
to  be  a  piece  of  work  which  might  be  of  benefit  to  colleges  of  engineering, 
and  at  the  same  time  of  such  a  technical  nature  as  to  V)e  outside  of  the 
scope  of  activity  of  various  educational  associations.  It  is  felt  that  work 
of  this  kind  might  well  be  made  a  part  of  the  regular  duties  of  the  Educa- 
tional Committee  or  one  of  its  sub-committees.  The  committee  would 
thus  in  time  establish  closer  relations  with  colleges  of  engineering,  re- 
search laboratories  and  individual  investigators,  and  would  become  a 
center  of  information  and  a  source  of  wholesome  inspiration  for  electrical 
research  in  this  country.  A  list  of  topics  for  research  with  some  sugges- 
tions, compiled  by  the  chairman  of  the  cominittce,  has  been  accepted  for 
presentation  at  the  Annual   Convention. 

Editing  Committee.  -The  Editing  Committee  has  ha<l  general  sui)ervi- 
sion  over  the  discussions  in  the  F^koceeoings  and  the  contents  of  the 
Tr.Wsactions  ])ublished  during  its  incumbency.  Tlie  method  of  handling 
this  material  has  l)een  the  same  as  in  the  previous  t  wf)  or  three  years  and 
it  appears  to  have  met  with  general  satisfaction.  The  only  important 
typographical  changes  which  have  been  adopted  for  the  current  year 
have  been  the  new  style  for  the  cover  and  the  combination  of  the  Section 
I  and  Section  11  tables  of  contents  on  the  first  page  of  the  Proceedings 
immediately  inside  the  cover. 

Committee  on  Development  of  Water  Power.  -During  the  past  year 
this  committee,  through  its  members,  has  endeavored  to  keep  informed 
respecting  the  progress  of  legislation  affecting  water  power  development 
and  other  allied  questions.  The  committee  has  held  several  meetings, 
a  large  number  of  informal  inferences,  and  has  exchanged  much  cor- 
respondence. 

In  the  fall  of  191")  the  i  ominittec  acfcpted  an  invitation  from  Governor 
James  Withyconibc  of  the  Stale  of  ( )rc^'on  to  send  a  delegate  to  address 
a  Western  Water  Power  Conference  held  at  Portland,  ()regon,  Septemljer 
'21,  22  and  23.  .Mr.  John  H.  I'^inney,  a  member  of  the  committee,  was 
appointed  and  presenlcd  lo  I  lie  conference  a  brief  wliich  liad  been  pre- 
pared  by   the  (."om  mil  tec 

Acting  jointlx'  with  the  .Mcctiiii^s  and  Pai)ers  Coniniitlee,  this  com- 
mittee arranged  for  the  special  Institute  meeting  held  in  Washington, 
1).  C.,  under  tlu'  aiisjticc  ;  ni  the  Washin^^ton  Section,  on  .\pril  2(),  at 
which  various  asj)ects  n\  the  water  j^nver  situation  were  treated  th'oiigh 
tlie  medium  of  a  careful] \-  prepared  ])ro;j^raui. 

Public  Policy  Committee  The  Public  Policy  (/onimittee  has  held  four 
meetings  during  the  year,  at  which  xarious  mattei's  refcrrivl  t<j  the  com- 
mittee were  considercil  and  discussed.  .\niong  the  more  important  cjues- 
tions  reported  upon  li\'  tlie  coninnttec  to  the  ]^»ard  of  Dirci.'tors  were  the 
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I'ncral  Ruiile  [or  consulting  criKinecrB.  No  other  t 
•]i-v[)<i)ii-il  ri'titiiririK  the  attention  of  the  committee. 
f  H.  NadonRt  Committee  of  the  Interna tiooii  Etvctrotecbnical  Cont- 
Thc  War  has  naturally  interfered  with  the  interaatiooal 
■»  <•[  lln-  fim mission,  but  nevertheless  a  considerable  amuunt  of 
111  \ifen  i:fiTHc<l  on  among  the  individual  national  committees, 
invrit'ti.  electrical  engineering  standardization  has  be«n  confined 
r.irk  of  Ihe  A.  I.  E.  E.  Standar-is  Committee,  The  British  Siand- 
on  Kuleit  for  Hli'clriciil  Machlncrv  have  b-.cn  published  during 
r,  and  arc  believed  In  be  in  aubiitHnlittl  conformity  with  the  last 
■ibilun  (Ifrini  of  the  A.  I.  K.  E.  Standunlitation  Ktiles.  as.  w«ll  a^  wiib  th(^ 
liiiernalbn&l  rulci  thiit  far  adopted  hy  the  I.  B.  C 

The  Anntial   R(|Wrl  of   the  Honomry  Swrclary  of  the  ComniisBion, 

lilulcd  January   IBIfl,  i^hich  has  bern  received  from  the  Central  Office. 

TidU'tito'i  that  the  work  ul  the  ComiTiisisioTi,  in  abeyance  for  the  present. 

should  be  expected  to  reoontinue  as  vioa  as  Ihe  peace  of  the  world  shall 

hnVB  been  rratored. 

The  U.  S.  National  {>.riimiitet  hd-i  ont-  meeijog,  in  Ne*  York,  m 
N<,vcml,er    1915, 

CoOBtitUtJonBl  Revision  Committee.  —  The  Cunbiitutional  Revision 
Committee  was  iippointctl  ul  Iht'  beginning  of  the  administrative  ytar, 
and  immediately  b^an  work  upim  the  ccvr:iion  of  the  constitution.  All 
suggestions  wbiih  had  liecn  rti«ivc«l  simi'  the  last  amendment  to  the 
lonbtitulion  in  1912  were  tonsidcrfrf  by  the  cumniittee.  Requests  for 
further  suggestions  were  made  to  cuth  member  of  the  present  Board  of 
Directors,  each  past -president,  and  each  Section  chairman.  As  the  result 
of  the  suggestions  received  and  those  made  by  the  members  of  the  com- 
mittee the  proposer]  amendnieni^  were  agreed  upon  and  submitted  to  the 
Board  of  Directors  in  Decfmber  IPIvi.  The  amendments  are  now  being 
voted  upon  by  Ihe  raembershiji  and  the  result  of  the  vote  will  be  made 
known  at   the  Annual   MeelinK< 

Employment  Department,^ The  usefulne?<£  of  the  Employment  Depart- 
ment has  increased  greatly  during  the  year.  A  considerable  number  of 
Institute  member."  have  been  helped  Id  positions,  and  employers  arc  more 
and  more  taking  advantage  of  the  facilities  offered  by  the  Institute  for 
placing  them  in  tuuch  with  desirable  technical  men.  The  Institute  con- 
tinues to  publish  without  charge  in  the  monthly  Pboceedings  announce 
ments  <A  vacamies  and  men  available. 

Board  of  Examiners.^ The  Board  of  Examiners  has  held  U  meetings 
during  the  year.  It  has  considered  and  referred  to  the  Board  of  IJirectors 
^Ith  it.v  recommfn.3ali'.n.^  .1  lotnl  of  J,«9  applications  of  all  kinds.  Jn 
addition  to  tbi-sc,  the  Board  has  reviewed  2tt  applications  for  a  second  and 
third  lime,  .Although  the  total  number  of  applications  is  less  than  last 
year,  the  amount  of  time  devoted  to  the  work  by  the  Board  was  consider- 
ably grtalcr  this  year.  The  rca.son  for  this  is  that  there  were  less  ap- 
plications for  admission  as  .\ssotiates,  which  require  very  little  detailed 
t-xaniinalion,  but  more  applications  for  the  higher  f[rades,  to  which  much 
■iiust  necessarily  be  devoted.  In  considering  applications 
'  '"-"isfer  to  the  grade  of  Fellow  the  Board  has  adhered 
mav  be 
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inferred  from  the  following  figures  showing  that  only  10  api)licants  were 
recommended  for  this  grade,  and  20  were  not  recommended. 

Applicatfons  for  Admission. 

Recommended  for  grade  of  Associate (V24 

Not  recommended  for  grade  of  Associate 1       625 

Recommended  for  grade  of  Member 44 

Not  recommended  for  the  grade  of  Mcmher.  ....      14  5S 

Recommended  for  grade  of  Fellow .'5 

Not  recommended  for  Fellow 5  S 

Recommended  for  enrolment  as  students (>43       043 

Applications    for    Transff.k. 

Recommended  for  grade  of  Member 51 

Not  recommended  for  grade  of  Meml)er 0  1)3 

Recommended  f. .r  grade  of  Fellow.  7 

Not  recommended  for  grade  of  Fellow 15  22 

Total  number  of  ap])lieations  eonsi<lered 1410 

.  Applications    reconsidered. 20 

Admission  and  transfer  all  grades 1448 

Membership  Committee.  The  work  of  the  Membership  Committee 
began  early  last  fall  when  plans  were  formulated  assigning  a  definite 
portion  of  the  work  to  each  member  '>f  the  lominiltee.  Tliis,  l>ased  upon 
well  establislied  preee<lenl,  ainu-rl  to  inrrease  llie  nieml>ershi{)  without 
the  employment  of  undignitied  methods.  Later  it  was  decide*!  t'»  t^xtend 
of)erations  in  the  same  and  new  fields. 

The  work  of  the  enniniidee,  into  wliieh  the  individual  nu-nibers  entered 
with  consideral)le  interest  and  arti\'ity,  resulted  in  the  tiling  of  777  aj)- 
plieations  for  nienibership.  and  the  laying  of  ;i  fonndatinn  f(.r  the  work 
of  tlie  succ-ceding  eomnut  t  rr. 

Tlie  Mcinberslii]>  ('MniiniHiM',  l)cb<'\ mg  il<  diit\  to  \n-  th<'  retention 
of  existing  as  well  as  the  ai  (|ni:>iti<'n  of  new  nienilx  rs,  ha>  during  tlie  \'ear 
eoopcraled  with  the  Seereiar\'  o|  ihc  In-^titute  m  seeunng  the  i)a\nu'nt 
of  du«'s  in  arrears,  and,  in  general.  :-.eeking  and  endeavoring  to  remove  the 
cause  of  ditlieulty.  So  imrh  lia>  been  aee.  >in])li -hed  that  it  in  urgentl\- 
re^'omniended  thai   tin--  funetiMii   Ix-  de]<gat<-d   to  the    Menibershi})  Com- 
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Membership.  April  30.  1915. 

Honorary 
Member 

Fellow 

Member 

Associate 

ToUl 

5 

448 

1079 

6522 

8054 

Additions: 

Elected 

Transferred 

•  •    •  • 

•  •    •   • 

•  •    ■   • 

•  •    •  • 

4 
0 

2 
2 

•  •    •  • 

41 

47 

7 

7 
13 
13 

4 

584 

•  •    •  • 

46 

27 

206 

254 

49 

.... 

Reinstated 

Deductions: 

r>ied 

Resigned 

Dropped 

Trant^crrcd 

Membership.  April  30.  1916. . 

5 

454 

1137 

6616 

8212 

Net  increase  in  membership  during  the  year 158 

Deaths. — The  following  deaths  have  occurred  during  the  year: 

Fellows. — Henry  A.  Mavor,  Louis  Duncan. 

Members. — Fred  S.  Pearson,  Max  Hebgen,  C.  E.  Hogle,  R.  A.  McKee, 
James  I.  Ayer,  W.  W.  Cole,  W.  C.  Robinson. 

Associates. — J.  A.  Culverwell,  I.  W.  Moore,  O.  C.  F.  Hague,  J.  F. 
McElroy,  E.  J.  Correa,  R.  W.  Fair,  Eugene  Fischer,  W.  J.  Henry,  Geo, 
F.  Kenyon,  Joseph  Herzog,  John  W.  Barnett,  R.  C.  Watson,  Wm.  F. 
Endress,  Roy  N.  Wooster,  Crellin  Cartwright,  W.  C.  Andrews,  James  S. 
Anthony,  W.  G.  Roome,  Frank  Zencak,  W.  E.  Dickinson,  F.  H.  Vamey, 

E.  F.  Cannon,  J.  Ray  Wilson,  C.  J.  H.  Woodbury,  John  C.  Manley,  Chas. 

F.  Baldwin,  George  H.  Stockbridge.  Total  deaths,  36. 

Finance  Committee. — The  following  correspondence  and  financial 
statements  form  a  complete  summary  of  the  work  of  the  Finance  Com- 
mittee for  the  year. 

Board  of  Directors,  New  York,   May   12,   1916 

American  Institute  of  Electrical  Engineers. 
Gentlemen: 

Your  Finance  Committee  respectfully  submits  the  following  report 
for  the  year  ending  April  30,  1916. 

During  the  past  year  the  committee  has  held  monthly  meetings, 
has  passed  upon  the  expenditures  of  the  Institute  for  various  purposes 
and  otherwise  performed  the  duties  prescribed  for  it  in  the  Constitution 
and  By-Laws.  Haskins  &  Sells,  certified  public  accountants,  have  audited 
the   books,   and    their   certification   of   the    Institute   finances   follows. 

In  company  with  your  Treasurer,  Secretary,  and  a  member  of  the 
firm  of  accountants,  the  committee  has  examined  the  securities  held 
by  the  Institute  and  finds  them  to  be  as  stated  in  the  accountants*  report. 

In  accordance  with  the  recommendation  of  your  committee  in  their 
report  dated  May  11,  1915,  the  Board  of  Directors  instructed  the  Finance 
Committee  toliquidate  the  mortgage  upon  thelands  on  which  the  Engineer- 
ing Societies  Building  stands.  This  mortgage,  amounting  to  $54,000.00, 
was  paid  June  25,  1915,  and  therefore  the  Institute  is  now  free  from  all 
indebtedness  save  for  current  liabilities  as  shown  in  the  accompanying 
report.  Respectfully  submitted, 

(Signed)  J.  Franklin  Stevens, 

Chairman,  Finance  Committee. 
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HASKINS    &    SELLS 

^^...^,  CERTIFIED   PUBLIC  ACCOUNTANTS 

TOWN 

tORE  30    BROAD    STREET 

UR6H 

-AND                                  NEW   YORK 
>o  

-(■S  CABLE   ADDRESS    **HA8K8ELLS*' 

FA 
R 

9ANCISCO 
N,    E.    C. 

\N     INSTITUTE    OF     ELECTRICAL    ENGINEERS 

CERTIFICATE 
ludited  the  books  and  accounts  of  the  American  Institute 
Engineers  for  the  year  ended  April  30,  1916,  and 
3Y  Certify  that  the  accompanying  General  Balance  Sheet 
forth  the  financial  condition  of  the  Institute  on  April  30. 
e  Statement  of  Income  ami  Profit  &,  Loss  for  the  year  ended 
•orrect,  and  that  the  books  of  the  Institute  are  in  agreement 
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AMERICAN  INSTITUTE  OF 
GBNB8AL  Balance  Skebt 


Imei«>t  in   L'niud   En>tin«nnt|   SociEtr'i   RuT   Est, 
lis  to  33  Weit  3))th  StiHl; 

l.inJ  (Oni-lhipl  ol  ro«t  ,  ,    . .  

Toul  Lan'l  anri  Building 


(>  ^f  An,  P»intini[t,  etc.. 


9,001  3S 


Lr«  Beiorv*  for  Dtpretintlon 


Wi>iiiir»(i  Akkt 

flnrtsrs 


Tnlml  WnrkinK  Asuli 


I   I1.SII.4S 


I    r..7-io  0 

T.TdO  O 


349  8« 

Chiciiio.    BuilmBton  &  0- 

p»nv.4';;,lSJ8.  P».-|3.(K 

MW 

4.868. 7S 

l„l..,c=l  Acc.uc.1 

rtss    <.(    St.    Loui.^" 

J3  33  t 

i.Z61,8T, 

l.,tir^,V  Fun.l: 

iMh   

Nfw  Yark     flly     Bonn.. 
JIMHH)  im 

4)'.;.      ItfS'.      P«l 

2.2B1   47 

li.u-««  Accrued 

45  00 

3.002.88 

NUlLLOVX  PlNU: 

104,10 

New  Yurk  Telephone  Conipan 

Bond.4)%.1939... 

1.000.00 

imeitsl.^^crucd     

^^          

22   so 

isaiM 

M,.l„„Lte,l-„„v,.„l,g,.Kun.l-r 

l\.l,.l  l--u..,l-L 

8,800  M 

T,..»l 

M33.S38.aa 
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ELECTRICAL  ENGINEERS 
April  30,  1916 


Liabilities 

ClRRENT  LlABIMTIKS: 

Accounts     Payable — Subject     to     Approval     by     the     I'lnantc 

Committee $  7.U»).H4 

Dues  Received  in  Advance .        1 ,322  97 

Entranct  Fees  and  Dues  Advanced  liy  Applicants  for  Member- 
ship   1 ').'>   ')() 

Total  Current  Liabilities %     ^M'^h   1  1 

Ff'ND  Reserves: 

Life  Membetship  Fund $  .').2.')1  .U7 

Intel nation-^1  Electiical  Congress  L>i  J^t.  Louis — Librir>  F-.incl.    .  :i.or.2.H<) 

Mailloux  Fund   1.12«>.6(» 
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of  fees  as  a  general  guide  for  consulting  engineers.     No  other  matters 
have  developed  requiring  the  attention  of  the  committee. 

U.  S.  National  Committee  of  the  International  Electrotechnical  Com- 
mission— The  War  has  naturally  interfered  with  the  international 
activities  of  the  Commission,  but  nevertheless  a  considerable  amount  of 
work  has  been  carried  on  among  the  individual  national  committees. 

In  America,  electrical  engineering  standardization  has  been  confined 
to  the  work  of  the  A.  I.  E.  E.  Standards  Committee.  The  British  Stand- 
ardization Rules  for  Electrical  Machinery  have  been  published  during 
the  year,  and  are  believed  to  be  in  substantial  conformity  with  the  last 
edition  (1915)  of  the  A.  I.  E.  E.  Standardization  Rules,  as  well  as  with  the 
international  rules  thus  far  adopted  by  the  I.  E.  C. 

The  Annual  Report  of  the  Honorary  Secretary  of  the  Commission, 
dated  January  1916,  which  has  been  received  from  the  Central  Office, 
indicates  that  the  work  of  the  Commission,  in  abeyance  for  the  present, 
should  be  expected  to  recontinue  as  soon  as  the  peace  of  the  world  shall 
have  been  restored. 

The  U.  S.  National  Committee  held  one  meeting,  in  New  York,  in 
November    1915. 

Constitutional  Revision  Committee. — The  Constitutional  Revision 
Committee  was  appointed  at  the  beginning  of  the  administrative  year, 
and  immediately  began  work  upon  the  revision  of  the  constitution.  All 
suggestions  which  had  been  received  since  the  last  amendment  to  the 
constitution  in  1912  were  considered  by  the  committee.  Requests  for 
further  suggestions  were  made  to  each  member  of  the  present  Board  of 
Directors,  each  past-president,  and  each  Section  chairman.  As  the  result 
of  the  suggestions  received  and  those  made  by  the  members  of  the  com- 
mittee the  proposed  amendments  were  agreed  upon  and  submitted  to  the 
Board  of  Directors  in  December  1915.  The  amendments  are  now  being 
voted  upon  by  the  membership  and  the  result  of  the  vote  will  be  made 
known  at  the  Annual   Meeting. 

Employment  Department. — The  usefulness  of  the  Employment  Depart- 
ment has  increased  greatly  during  the  year.  A  considerable  number  of 
Institute  members  have  been  helped  to  positions,  and  employers  are  more 
and  more  taking  advantage  of  the  facilities  offered  by  the  Institute  for 
placing  them  in  touch  with  desirable  technical  men.  The  Institute  con- 
tinues to  publish  without  charge  in  the  monthly  Proceedings  announce 
ments  of  vacancies  and  men  available. 

Board  of  Examiners. — The  Board  of  Examiners  has  held  11  meetings 
during  the  year.  It  has  considered  and  referred  to  the  Board  of  Directors 
with  its  recommendations  a  total  of  1,419  applications  of  all  kinds.  In 
addition  to  these,  the  Board  has  reviewed  29  applications  for  a  second  and 
third  time.  Although  the  total  number  of  applications  is  less  than  last 
year,  the  amount  of  time  devoted  to  the  work  by  the  Board  was  consider- 
ably greater  this  year.  The  reason  for  this  is  that  there  were  less  ap- 
plications for  admission  as  Associates,  which  require  very  little  detailed 
examination,  but  more  applications  for  the  higher  grades,  to  which  much 
time  must  necessarily  be  devoted.  In  considering  applications 
for  admission  and  transfer  to  the  grade  of  Fellow  the  Board  has  adhered 
rigidly  to  its  interpretation  of  the  constitutional  requirements,  as  may  be 
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inferred  from  the  following  figures  showing  that  only  10  applicants  were 
recommended  for  this  grade,  and  20  were  not  recommended. 

Applications  for  Admission. 

Recommended  for  grade  of  Associate 624 

Not  recommended  for  grade  of  Associate 1       625 

Recommended  for  grade  of  Member 44 

Not  recommended  for  the  grade  of  Member 14         58 

Recommended  for  grade  of  Fellow 3 

Not  recommended  for  Fellow 5  8 

Recommended  for  enrolment  as  students 643       643 

Applications   for   Transfer. 

Recommended  for  grade  of  Member 54 

Not  recommended  for  grade  of  Member 9         63 

Recommended  f(»r  grade  of  Fellow 7 

Not  recommended  for  grade  of  Fellow 15         22 

Total  number  of  applications  considered 1419 

.  Applications   reconsidered 29 

Admission  and  transfer  all  grades 1448 

Membership  Committee. — The  work  of  the  Membership  Committee 
began  early  last  fall  when  plans  were  formulated  assigning  a  definite 
portion  of  the  work  to  each  member  of  the  committee.  This,  based  upon 
well  established  precedent,  aimed  to  increase  the  membership  without 
the  employment  of  undignified  methods.  Later  it  was  decided  to  extend 
operations  in  the  same  and  new  fields. 

The  work  of  the  committee,  into  which  the  individual  members  entered 
with  considerable  interest  and  activity,  resulted  in  the  filing  of  777  ap- 
plications for  membership,  and  the  laying  of  a  foundation  for  the  work 
of  the  succeeding  committee. 

The  Membership  Committee,  believing  its  duty  to  be  the  retention 
of  existing  as  well  as  the  acquisition  of  new  members,  has  during  the  year 
cooperated  with  the  Secretary  of  the  Institute  in  securing  the  payment 
of  dues  in  arrears,  and,  in  general,  seeking  and  endeavoring  to  remove  the 
cause  of  difficulty.  So  much  has  been  accomplished  that  it  is  urgently 
recommended  that  this  function  be  delegated  to  the  Membership  Com- 
mittee each   year. 

The  following  tabulated  statement  shows  the  number  of  members  in 
each  grade,  the  total  membership,  and  the  additions  and  deductions  that 
have  been  made  during  the  year: 
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8.  TRANSFORMERS 

THE  VOLTMETER  COIL  IN  TESTING  TRANSFORMERS 
A.  B.  Hendricks,  Jr.  Vol.  xzzr— 191f,  p.  117 

The  advantages  of  the  voltmeter  coil  in  the  determination  of  the  high- 
tension  voltage  in  testing  transformers. 

Discussion  incorporated  with  that  of  paper  by  W.  R.  Work  on  *' Notes 
on  the  Measurement  of  High  Voltage." 

EFFECT  OF  BAROMETRIC  PRESSURE  ON  TEMPERATURE  RISE  OF  SELF- 
COOLED  STATIONARY  INDUCTION  APPARATUS 
V.  M.  Montsinger  Vol.  zzzv— 191f,  pp.  W%-%t% 

This  paper  is  divided  into  three  parts,  as  follows:  (1)  A  general  review 
of  the  principal  laws  of  the  dissipation  of  heat,  radiation,  conduction  and 
convection.  (2)  The  development  of  a  simple  formula  for  the  effect  of 
altitude  on  the  cooling  of  surfaces  of  different  shapes.  (3)  A  general 
discussion  of  the  method  of  conducting  experimental  observations  at 
different  altitudes  on  three  different  shaped  surfaces. 

Discussion,  pages  627-633,  by  Messrs.  R.  W.  Sorenscn,  A.  Gray  and 
V.  M.  Montsinger. 

A  general  discussion  of  methods  and  results  obtained. 

PROTECTION    OF   HIGH-VOLTAGE   DISTRIBUTION    SYSTEMS   BY   ISOLATING 

TRANSFORMERS 
O.  O.  Rider  Vol.  zzzr— 191f,  pp.  717-719 

This  paper  calls  attention  to  the  practicability  of  localizing  line  dis- 
turbances by  means  of  transformers.  Application  is  made  to  high- voltage 
distribution  systems  serving  the  rural  communities  which  results  in  an 
interconnected  net  work  of  overhead  lines. 

Discussion,  pages  720-734,  by  Messrs.  E.  E.  F.  Creighton,  C.  P.  Stein- 
metz,  P.  H.  Chase,  J.  T.  Lawson,  J.  B.  Taylor,  J.  O.  Montignani,  R.  F. 
Schuchardt,  P.  Junkersfeld,  D.  B.  Rushmore,  D.  W.  Roper,  N.  S.  I^ia- 
mant,  H.  Mouradian  and  N.  L.  Pollard. 

A  general  discussion  with  particular  reference  to  the  split-conductor 
principle  and  its  relation  to  ideal  relay  protection. 

9.  ELECTRICAL  MACHINERY  AND  APPARATUS 

THE  LIQUID  RHEOSTAT  IN  LOCOMOTIVE  SERVICE 

A.  J.  Hall  Vol.  zxxT— 1919,  pp.  197-171 

A  description  of  the  liquid  rheostat  in  locomotive  service  giving  in  detail 
the  arrangement  of  the  mechanical  parts  and  means  of  controlling  it . 

Discussion,  pages  172-173,  by  Messrs.  C.  D.  Knight  and  R.  E. 
Hellmund. 

A  discussion  mainly  of  the  liquid  rheostat  used  in  mine-hoist  service. 

IRON  LOSSES  IN  DIRECT-CURRENT  MACHINES 

B.  G.  LAmme  Vol.  zzzv— 191f,  pp.  tfl-tM 

It  is  shown  that  no  great  accuracy  is  practicable  in  the  calculation  of 
actual  iron  losses,  except  in  special  cases.  A  brief  explanation  of  several 
causes  of  variation  in  losses  is  given. 


Application  of  a  Polar  Form  of  Complex  (JiianLities  to  the  Calcula- 
tion of  Alternating-Current  Phenomena 957 

Artificial  Transmission  Line  with  Adjustable  Line  Constants,  An, 

(Illustrated.)      (C.  Edward  Magnusson  and  S.  R.  B  urban  k) ...    II. S7 

Ceramics  in    Relation   to   the   Durability   of   Porcelain   Suspension 

Insulators.      (Illustrated.)      (Harris    J.    Ryan) 14.S7 

Characteristics  of  Admittance  Type  of  Wave  Form  Standard,  (Il- 
lustrated.)     {Frederick    Bedell) 11')') 

Continuous  Inventories;  Their  Preparation  and  Value.      [Harry  E. 

Carver) 1 375 

Corona    Voltmeter.    The.       (Illustrated.)      (./.    B.     Whitehead    and 

M.    W.    Pullen) .      S09 

Distribution  System  for  Domestic  Power  Service  from  Commercial 
and  Engineering  Standpoints,  A.  {Carl  H.  Hodge  and  Edgar  R. 
Perry) OS:^ 

Effect  of  High  Continuous  Voltag«'S  on  Air,  Oil  and  Solid  Insula- 
tions.     (Illustrated).      {F.    W.   Reek.  Jr.) 7S:i 

Eflfect  of  Recent  Decisions  on  the  Work  of  Inventorv  and  Api)raisal, 

The.      {Philander  Belts) ' V.\m 

Electrical    Machinerv   Tests  and   Specifications   Based   on    Modern 

Standards.      (//'    M.    Hohart) 1259 

Experiments  on  Porcelain  Suspension  Insulator  Units.      (Illustrated) 

(J.  Cameron  Clark) 145o 

Growth  and  Depreciation.      [Julian  Loebenstein) 13S9 

High-Voltage     PotentioTnetcr.     The,      (Illustrated  t.        [Harris     J. 

Ryan).  ..    ll.U 

Inductive     Interference     as     a     Practical     Problem.      (Illustrated). 

(A.  H.  Griswold  and  R.  W.  Ma  stick) 1051 

Insulator   Failur<s  under  Transient    Voltages.      (Illustrated.)      (  H'. 

P.  Peaslee) 1  1S7 

Investigation  of  .Susj)cnsion  lu'^ulator  l)eterioratif>n.  (/.  hi.  Wood- 
bridge  ) 1  I()7 

Power  Compan\'s  IVoblcni  in  the  Electric  SuppK'  for  Large  Singlc- 

Pha-se  Load,  The,  (  William  C.  L.  Eglin)      .  .' 1  2S9 

Preliminarv  Report  bv  the  American  Committee  (m  Electrolvsis .  .  .  .    {{\K\ 

Rating  of  (HI  Circuit  Breakers,  (E.  M.  Hewlett)    ' 15;H 

Rational  Tem|)erature  (niarantees  for  Large  A-C.  Cenerators.  (Il- 
lustrated).     (  F.   I).    Xeichury) 14S9 

Report  ()(  Board  (►!'  Directors  for  W'ar  Knding  A])ril  M),  19Hi 1835 

Report  of  the  joint   Rubber  Insulation  (Mnnmittee 1063 

Rupturing  Capaiities  (»f  (  )il  Circuit   Breakers.      (Stephen  Q.  Hayes)    1523 

Single-Phase   Power  ProductiiMi.      (Illustrated.)      iE.   F.    W.  Alexan- 
der son  and  (i.  //.  Hill}. 13L) 

Single-fMiase    Power  Service   from   Central    Stations.      (Illustrated.) 

[R.  E.  Cilman  and  C   Lr  C .  Fortescue)    1329 

Some  I'eatures  of  Donu'Stic  Llectric  (%ioking  and  Heating,  (illus- 
trated).      (//.    B.    Peine) 1001 
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Discussion  incorporated  with  that  of  paper  by  O.  O.  Rider  on  "Protec- 
tion of  High- Voltage  Distribution  Systems  by  Isolating  Transformers." 

ELECTRICAL  MACHINERY  TESTS  AND  SPECIFICATIONS  BASED  ON  MODERN 

STANDARDS 
H.  M.  Hobart  Vol.  zunr— 191f.  pp.  ltl9-iS87 

Comparisons  are  made  of  the  standardization  rules  for  electrical 
machinery  now  in  force  in  various  countries  showing  that  machinery  built 
in  conformance  with  the  American  rules  will  usually  also  conform  with 
rules  employed  in  other  countries.  Suggestion  is  nrnde  that  55  degrees 
could  be  employed  as  the  ambient  temperature  of  reference  for  tropical 
ratings.  Attention  is  called  to  a  series  of  acceptance  tests  on  some  large 
waterwheel  generators  and  to  the  temperature  results  obtained  by  making 
cyclic  heat  runs  on  these  machines. 

No  discussion. 

TEMPERATIIRE  DISTRIBUTIONS  IN  ELECTRICAL  MACHINERY 
B.  G.  LAmme  Vol.  xzzr— 19U,  pp.  1471-14«8 

The  fundamental  principles  governing  heat  distribution  and  tempera- 
ture in  electrical  apparatus.  Heat  generation,  heat  flow  and  heat  dissipa- 
tion and  resultant  temperature  are  discussed.  Paths  of  heat  flow  and 
effects  of  heat  resistance  of  such  paths  discussed.  The  effects  of  rapid 
heat  flow  on  equalization  of  temperatures  and  on  their  rheasurement. 
Fallacies  in  temperature  guarantees  and  indications  pointed  out.  Some 
of  more  common  errors  in  methods  of  measurement  described. 

Discussion  incorporated  with  that  of  paper  by  F.  D.  Newbury  on  "Ra- 
tional Temperature  Guarantees  for  Large  A-C.  Generators. 

RATIONAL  TEMPERATURE  GUARANTEES  FOR  LARGE  A-C.  GENERATORS 
F.  D.  Newbury  Vol.  zzxr— 1919,  pp.  1489-lMt 

An  argument  for  the  standardization  of  temperature  guarantees  when 
based  on  internal  temperatures  as  measured  by  thermocouples.  It  is 
recommended  that  in  all  cases  the  maximum  safe  operating  temperature 
of  the  insulation  be  used  as  temperature  guarantee  instead  of  a  lower 
temperature.  Arguments  are  presented  from  the  standpoint  of  both 
operating  and  designing  engineers.  Curves  are  shown  illustrating  tem- 
perature conditions  in  stator  and  rotor  of  a  large  high-voltage  turbo- 
generator. Examples  are  given  showing  that  a  low  temperature  rise 
guarantee  for  the  stator  does  not  necessarily  result  in  overload  margin. 
To  be  certain  of  overload  margin,  specifications  must  call  for  maximum 
rating  desired. 

Discussion,  pages  1503-1522,  by  Messrs.  A.  Gray,  W.  J.  Foster,  C.  J. 
Fechheimer,  V.  M.  Montsinger,  P.  Junkersfeld,  P.  M.  Lincoln,  W.  C. 
Bauer,  N.  J.  Conrad,  C.  A.  Keller,  M.  M.  Flower,  B.  G.  Lamme  and 
F.  D.  Newbury. 

A  general  discussion. 

RUPTURING  CAPACITIES  OF  OIL  CIRCUIT  BREAKERS 
Stephen  Q.  Hayes  Vol.  zzzr— 1919,  pp.  IIBS-IMO 

A  series  of  notes  on  the  ruplunn^  c?LVia.c\\.^  oV  o^  \it^a>«.^t^,    Oescrip- 
tioB  of  result  obtained  by  rool-meaTv-^qMax^  ol  mvF:\m>^.m  ^^V  ^\  ^x^xx^x.\. 


Albright,  H.  C,  Discussion 

Alexanderson,  E.  F.  W., Paper  1315;  Discussion 

Bauer,  W.  C,  Discussion 

Baum,  William,  Discussion 

Beck,  B.  G.,  Discussion 

Bedell,  Frederick,  Paper  1155;  Discussion 

Behrend,  B.  A.,  Discussion 

Betts,  Philander,  Paper  1369;  Discussion 

Boykin,  R.  M.,  Discussion 

Braymer,  B.  H.,  Discussion 

Buck,  H.  W.,  Discussion 997,   1046.    1047,   104S,   130S, 

Burbank,  S.  R.,  Paper  1137;  Discussion 

Burnham,  George  A.,  Discussion 

Caldwell,  F.  C,  Discussion 

Carty,  J.  J.,  Discussion 

Carver,  Harry  E.,  Paper  1375;  Discussion 

Cheney,  Edward  J.,  Discussion 

Cheney,  M.  E.,  Discussion 

Chrysler,  W.  L.,  Discussion 

Chubb,  L.  W.,  Discussion 834,  891, 

Clark,  J.  Cameron,  Paper 

Coey,  S.  C,  Discussion 1225, 

Collins,  C.  R.,  Discussion 993,  999, 

Colpitis,  E.  H.,  Discussion 

Conrad,  N.  J.,  Discussion 

Corbett,  L.  J.,  Discussion 1090, 

Craighead,  James  R.,  Discussion 

Crawford,  M.  T.,  Discussion 992, 

Creighton,  E.  E.  P.,  Paper  845;  Discussion 

S92,  916,  979,   980, 

Curtis,  L.  F.,  Discussion 

Dawes,  Chester  L.,  Discussion 

Del  Mar,  W.  A.,  Discussion 

Diamant,  N.  S.,  Paper  957;  Discussion 881 

Doane,  Robert  E.,  I)iscussion 

Doherty,  R.  E.,  Discussion 

Dwight,  H.  B.,  Paper  1237;  Discussion 

Egan,  F.  D.,  Discussion 

Eglin  William  C.  L.,  Paper  1289;  Discussion 1310, 

Ewing,  D.  D.,  Discussion 

Farwell,  Stanley.  Discussion 

F^echheimer,  C.  J.,  Discussion 

Fisken.  J.  B.,  Discussion 

991,  998,    1012,   1045,    1046,    1048,   1089.    1091,    1182, 

Flaherty,  B.  G.,  Paper  1095;  Discussion 

Flower,  M.  M.,  Discussion 

Flowers,  Alan  E..  Discussion 

Fortescuc,  C.  Le  G.,  Paper  1329;  Discussion 

FVjster.  W.  1..  Discussion 
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(Kgodd.  Fnrlev,  Discussion 1313 

iVaslir,  W,  D'..  Paper  1 187;  Discussion 

993.   1013,   1089,   1114.   11.51.   1182.   1195,   1199.  1205 

IVek.  F.  W.  |r..  P.aper  783;  Discussion 807,808,838.  839 

[>eiri-e.  H.  B..  I'apcr 1001 

PiTrv.  E.lKar  R..  Paper  9X3:  Discussion 

991.  992,  993.  995.  996,  997,  1014 


INDEX  X 

Pope,  R.  W.,  Discussion 1013,   1115.  1117 

Powell,  Richard  C,  Paper 1017 

Pullen,  M.  W..  Paper 809 

Randall,  K.  C,  Discussion 1540 

Reist,  H.  G.,  Discussion 1:M9,  1364 

Robinson,  E.  G.,  Discussion 990 

Robinson,  L.  T.,  Discussion 808 

Robinson,  R.  F.,  Discussion 1090 

Roper,  D.  W.,  Discussion 1359 

Ross,  J.  D.,  Discussion 1 151 

Rushmore,  David  B.,  Discussion 1255,   125(),    1300.  1410 

Rvan,  Harris  J.,  Paper  1131,  1437;  Discussion 

1110,    1113,    1110,    1183.    1197.  1199 

Schurig,  O.  R.,  Paper  925;  Discussion 954 

Scott,  C.  F.,  Discussion 1309.  13f)5 

Sharp.  Clayton  H.,  Discussion 800.  835 

Skinner,  C.  E..  Discussion 803,  914 

Snyder,  W.  T.,  Discussion 1250 

Storer.  N.  W.,  Discussion 1307.  1312 

vStreet,  George  T.,  Discussion 1232 

Summerhaves.  H.  R.,  Discussion 1300,    1350,    1542,  154(> 

Taylor,  John  B.,  Discussion 800.  839.   890,    1 112.  1538 

Torchio,  Philip.  Paper  1293;  Discussion 1311,    1302.    1305,  1300 

Tvnes,  T.  E.,  Discussion 1223.    1227.    122S,  1234 

Wallau.  H.  L..  Discussion 1350 

Weber.  F.  D..  Discussion 993.  994 

Whipple,  C.  A.,  Discussion 1091.  1 152 

Whitehead,  J.  B.,  Paper  809;  Discussion     801,  839,  891.  911,  979.  981 

Whittemore,  G.  W.,  Discussion 1409 

Woodbridge,  J.  E.,  Paper 1407 

Woodhull,  Fred  H.,  Discussion 1232 

Worcester,  T.  H..  Discussion 1254 


SYNOPTICAL  AND  TOPICAL 


INDEX 


OF 


A.I.E.E.  TRANSACTIONS 


Vol.  XXXV.  Parts  I  and  II 


The  main  headings  under  which  these  synopses  are  classifietl  were 
arrived  at  by  a  carefid  study  of  all  the  papers  contributed  since  the 
organization  of  the  Institute. 

The  method  of  making  this  classification  may  lie  called  the  automatic 
method,  since  it  is  created  by  sorting  the  papers  themselves  into  groups 
and  then  naming  the  groups. 

Many  papers  fall  naturally  into  several  different  groups  and  in  such 
cases  they  are  inserted  under  as  many  different  heads  as  it  is  thought 
they  rightfully  belong. 

The  classified  synoi)scs  arc  designed  for  those  scarcliing  for  comprc; 
hensive  information  oti  any  given  topic,  while  the  suljject  index  is  in- 
tended for  those  looking  up  specific  and  definite  data  or  information. 


I 


MAIN  SECTIONS  OF  SYNOPTICAL  INDEX 


Page 

I.. Im  at  mil 3 

( iriM  ral     'I'heory 3 

lint  .,  Measurements  and  Instruments 4 

I       III  Illation  and  Dielectric  Phenomena 9 

►       lvl«-(  trie  ('onductors 12 

i\       Magnetic  Proj)crties  and  Testing  of  Iron 13 

,        Matl<*rics 

s        Transformers 14 

'.»       Ivl((  iri(  al  Machinery  anci  Apparatus 14 

10       Prime  Movers  and  Steam  Boilers 

I  I .      Pf)wcr  Plants  and  Central  Stations 17 

\2       Parallel  Operation 18 

I  .*r      'Transmission  Lines 19 

I  1.      iClef  trie  Service  Disturbances  and  Protection 21 

l.'j.      I)istrihutir)n  Systems * 26 

Mi.      Control,  Regulation  and  Switching.  .  .' 29 

17.      'Traition 31 

Is.      Lighting  and  Lamps 32 

\U.      Llectricitv  in  the  Armv  and  Xavv 

20.  .Miscellaneous  Ap])lications  of  Electricity 32 

21 .  Telephony  and  Telegraphy 33 

22.  Miscellaneous  To])ics  and  Institute  Affairs 34 


1.  EDUCATION 

THE  RELATION  OF  PURE  SCIENCE  TO  INDUSTRIAfL  RESE 

President's  Address 
J.  J.  Carty  Vol.  xxxv— 1« 

SUGGESTIONS  FOR  ELECTRICAL  RESEARCH  IN  ENGINEERING 
V.  Karapetoff  Vol.  xxxv— IS 

This  paper  gives  a  list  of  topics  in  electrical  engineering 
thesis,  research  and  advanced  study.  A  plea  is  made  fo 
research,  each  college  specializing  year  after  year  in  only  c 
Cooperation  is  urged  with  individual  inventors  and  ii 
Various  types  of  investigation  are  enumerated,  such  as  in 
perimental  study,  theoretical  study,  library  search,  and  co 
data. 

Discussion,  pages  911-923,  by  Messrs.  J.  B.  Whitehead,  A. 
C.  E.  Skinner,  F.  C.  Caldwell,  E.  E.  Creighton,  D.  D.  E 
Harding,  N.  S.  Diamant,  J.  J.  Carty,  D.  H.  Braymer,  A.  ; 
A.  Gray. 

A  general  discussion  from  the  viewpoints  of  the  coUe^ 
inventor  and  manufacturer. 

2.  GENERAL  THEORY 

OUTLINE  OF  THEORY  OF  IMPULSE  CURRENTS 
C.  P.  Steinmetz  Vol.  xxrv- 

In  Part  I  it  is  shown  how,  from  the  integral  of  the  genera 
equation  of  the  electric  circuit,  which  has  been  discussed  ii 
paper,  all  types  of  electric  currents  are  derived  as  special  c 
ponding  to  particular  values  of  the  integration  constants. 

In  Part  II  an  outline  of  the  theory  of  impulse  currents  is  g 
comprise  two  classes,  the  non-periodic  and  the  periodic.  Tl 
of  both  are  given  in  different  form,  by  exi)()nential  and  by  h 
trigonometric  functions. 

A  few  special  cases  are  discussed. 

Discussion,  pages  20-31,  by  Messrs.  C.  P.  Steinmetz.  ^ 
H.  Pender,  H.  Lippelt  and  A.  E.  Kennelly. 

A  discussion  of  the  advantages  of  the  synthetic  and  analytic 
studying  engineering  phenomena.       A   development  of  the 
under  imi)ulse  currents  of  the  circuit  having  cai)acity  in  serie 

APPLICATION  OF  A  POLAR  FORM  OF  COMPLEX  QUANTITIES  TO 
LATION   OF  ALTERNATING-CURRENT  PHENOMENA 
N.  S.  Diamant  Vol.  xxxv — 19 

In  tht'  caK  Lilation  of  a-v.  ])hen(»meaa  l)y  means  of  comple: 
as  a  rule,  the  rcclan^ular  c'()nii)()iu'nts  of  {he  xector  arc  us('<] 
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distribution  systems  serving  the  rural  communities  which  results  in  an 
interconnected  net  work  of  overhead  lines. 

Discussion,  pages  720-734,  by  Messrs.  E.  E.  F.  Creighton,  C.  P.  Stein- 
metz,  P.  H.  Chase,  J.  T.  Lawson,  J.  B.  Taylor,  J.  O.  Montignani,  R.  F. 
Schuchardt,  P.  Junkersfeld,  D.  B.  Rushmore,  D.  W.  Roper,  N.  S.  Dia- 
mant,  H.  Mouradian  and  N.  L.  Pollard. 

A  general  discussion  with  particular  reference  to  the  split-conductor 
principle  and  its  relation  to  ideal  relay  protection. 

MBGGBR  AND  OTHER  TESTS  ON  SUSPENSION  INSULATORS 
P.  L.  Hunt  Vol.  zxanr— Itlt,  pp.  TSf-TSS 

This  paper  gives  the  results  of  megger  tests  made  on  disk  insulators  on  a 
66,000- volt  transmission  line  in  Massachusetts  after  2.5  years  operation. 
The  percentage  of  failures  in  different  positions  in  the  string  is  given  on 
both  strain  and  suspension  towers.  The  actual  cost  of  making  these  tests 
under  different  conditions  of  weather  and  of  service  requirements  is  given 
per  insulator  on  the  line,  per  bad  insulator  and  per  tower. 

Discussion  incorporated  with  that  of  paper  by  R.  H.  Marvin  on  "A 
New  Method  of  Grading  Suspension  Insulators." 

THEORY  OP  PARALLEL  GROUNDED  WIRES  AND  PRODUCTION  OP  HIGH 

PREQUENCIES  IN  TRANSMISSION  LINES 
E.  B.  P.  Creifhton  Vol.  zzzr— Itlt,  pp.  Mf-SM 

An  investigation  of  the  value  of  the  overhead  grounded  wire  as  used 
for  lightning  protection,  mechanical  support  for  towers,  and  a  test  circuit. 
The  functions  of  the  grounded  wire  are  subdivided  into  four  categories: 
first,  the  vertical  grounded  wire;  second,  the  lightning  rod  extending  above 
the  ground;  third,  the  electrostatic  induction  in  the  horizontally  situated 
wires;  and  fourth,  electromagnetic  induction.  The  several  factors  de- 
termining the  protective  value  of  a  ground  wire  are  fully  investigated. 
Equations  expressing  the  protection  of  various  arrangements  of  vertical 
and  parallel  grounded  wires  are  developed. 

Discussion,  pages  889-893,  by  Messrs,  H.  S.  Osborne,  N.  S.  Diamant, 
J.  B.  Taylor,  J.  B.  Whitehead,  L.  W.  Chubb  and  E.  E.  F.  Crdghton. 

A  general  discussion. 

INDUCTIVE  INTERPERENCE  AS  A  PRACTICAL  PROBLEM 
A.  H.  Griswold  and  R.  W.  Mastick  Vol.  zzzr— Itlt,  pp.  lOfl-lMT 

A  review  of  the  factors  which  affect  inductive  interference  in  telephone 
circuits  from  high-voltage  power  transmission  circuits,  a  presentation  of 
practical  considerations  regarding  the  reduction  of  interference,  and 
description  of  actual  cases  of  the  application  of  these  means  of  reduction. 
Balanced  and  residual  voltages  and  currents,  wave  shapes  of  voltages  and 
currents,  transposition  schemes,  three  particular  cases  of  parallels. 

Discussion,   pages   10$8-1094,   by    Messrs.   F.    Bedell,   L.   T.    Merwin. 
J.  B.  Fisken,  W.  D.  Peaslee,  R.  F.  Robinson.  L.  J.  Corbett.  C.  A.  Whipple 
and  R.  W.  Mastick. 
A  discussion  of  efTects  ol  \eaV\u^  \xvs\ilators,  charging  electrolytic  ar- 
resters, carelessness  in  making  tTat^sposv\AOTv?.«Ltv^^xv;^.V^^VQ\.^wi^ration 
of  telephone  and  power  compaivves. 
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A  general  discussion  with  particular  reference  to  the  os( 
visual  corona  methods  of  measuring  crest  voltage. 

A   METHOD   OF  DETERMINING   THE   CORRECTNESS   OF   POLY 

METER  CONNECTIONS 
W.  B.  Kouwenhoven  Vol.  xxxv  — 

A  description  of  a  method  of  checking  the  correctness  of  tl 
of  a  polyphase  watt-hour  meter  and  proof  that  the  methc 
monly  used  are  unreliable.  Rules  are  worked  out  that  m 
fication  of  incorrect  connections  simple.  Another  metho( 
which  may  be  used  on  balanced  or  unbalanced  three-phci 
any  power  factor,  providing  the  opening  of  one  phase  at  a  t 
sible. 

Discussion,  pages  207-211,  by  Messrs.  VV.  H.  Pratt,  (}. 
W.  Chubb,  C.  A.  Adams  and  VV.  B.  Kouwenhoven. 

A  general  discussion. 

IRON  LOSSES  IN   DIRECT-CURRENT   MACHINES 

B.  G.  Lamme  Vol.  xxxv — 

It  is  shown  that  no  great  accuracy  is  practicable  in  the 
actual  iron  losses,  except  in  sj)ecial  cases.  A  brief  explana 
causes  of  v^ariation  in  losses  is  given. 

The  four  principal  sources  of  core  loss  are  considered,  name 
ring  loss,  armature-tooth  loss,  eddy  currents  in  l)uried  co 
pole-face  losses.  Under  eddy  current  losses  an  explanati< 
certain  losses  not  usually  taken  into  account  with  a  cru 
calculation  and  some  tabulated  results. 

Under  pole-face  losses  an  empirical  formula  is  given,  a 
results. 

The  effect  of  load  on  losses  is  discussed  and  some  of  the 
distortion  on  losses  are  shown. 

Disfussinn,  pages  2S7-21M>.  by  Messrs.   H.   V.  T.   Krben.  ^ 
W.  B.  Potter.  F.  H.  Kierstcad.  H.  M.  Hobart,  \V.  J.  Fostc 
ham,  L.  T.  Rf>binson,  .\.  S.  Langsdorf  and  B.  (j.  Lamme. 
A  general  discussion  of  iron  losses  in  *\-v.  machines  and 

STANDARDIZATION 

C.  Le  Maistre  Vol.  xxxv    - 

.\  general  n'\ie\v  nt  devclofjineiit  of  standardization  co 
organizations  here  and  abroad.  A  citation  of  the  many  ; 
])roper  standardization  and  an  <i])peal  for  uiiiversal  coopc 
ticular  reference  is  ^iven  to  standardization  of  electrical  ni 
<>rnj)ha<is  laiil  r>n   tlie  adoption  of  a  standard   temperature  t 

Discjissiou,  i)a)4e<  197-.')()().  by  Messrs.  ('.  11.  Sliarp.  F.  ♦ 
vSteiniTietz,  C\   Le  Maislre  and  (\   .\.   .\dani^. 

A  Ljeneral  <liscussion. 


f-i' 
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duration  of  the  stress  in  determining  the  magnitude  of  yie  voltage  neces- 
sary to  puncture  an  insulator  are  discussed.  The  importance  of  the  elimin- 
ation of  air  holes  and  defects  in  porcelain  is  shown.  Some  essential 
features  of  a  successful  line  insulator  arc  stated. 

Discussion,  pages  1195-1205,  by  Messrs.  J.  B.  Fisken,  W.  D.  Peaslee. 
R.  Howes,  L.  T.  Merwin,  H.  J.  Ryan,  R.  W.  Mastick,  R.  M.  Boykin, 
A.  A.  Miller  and  E.  E.  P.  Creighton. 

A  general  discussion  including  experiences  of  certain  power  transmission 
lines. 

STEEL  CONDUCTORS  FOR  TRANSMISSION  LINES 
H.  B.  Dwifht  Vol.  zzzr— Itlt,  pp.lSS7-lSftO 

This  paper  states  that  steel  cables  will  not  generally  be  economical  on 
main  transmission  lines,  except  for  long  spans,  and  for  high  altitudes 
where  corona  is  excessive.  They  may  be  advisable  as  bare  conductors 
for  d-c.  railway  feeders.  They  deteriorate  more  rapidly  than  copper 
conductors  and  have  very  low  scrap  value.  Steel  cables  for  alternating 
current  should  be  finely  stranded  and  different  groups  of  wire  should  be 
spiraled  in  opposite  directions.  Medium  grades  of  steel  give  better 
results  with  alternating  currents  than  high  priced  grades.  There  is  an 
opening  for  the  profitable  use  of  steel  cables  on  branch  lines  of  power 
systems  of  all  voltages. 

Discussion,  pages  1251-1258,  by  Messrs.  R.  E.  Doane,  T.  H.  Worcester, 
D.  B.  Rushmore,  S.  C.  Coey,  W.  T.  Snyder  and  H.  B.  Dwight. 

A  general  discussion. 

16.  DISTRIBUTION  SYSTEMS 

REPORT  OF  THE  TRANSMISSION  COMMITTEE 
Percy  H.  Thomas,  Chairman  Vol.  zxxv — 1916,  pp.  SSf-fSS 

I.  Data  from  Operating  Plants  on  the  Effect  of  Altitude  on  the 
Operating  Temperature  Rise  of  Electrical  Apparatus. 

II.  Experience  with  Grounded  Neutral  on  High-Tension  Transmis- 
sion Lines. 

Discussion,  pages  584-597,  by  Messrs.  N.  A.  Carle,  M.  O.  Troy,  P. 
Junkerfeld,  E.  E.  F.  Creighton,  D.  B.  Rushmore,  J.  T.  Lawson,  J.  B. 
Taylor,  P.  H.  Chase,  H.  R.  Woodrow,  E.  C.  Stone,  F.  L.  Hunt,  L.  N. 
Crichton,  R.  F.  Schuchardt,  E.  T.  Street,  H.  Goodwin,  Jr.,  W.  A.  Carter 
and  B.  Price. 

A  general  discussion  of  experience  with  systems,  grounded  and  un- 
grounded. Very  complete  description  of  the  Victoria  Falls  andTransvaal 
Power  Company,  Ltd.,  and  the  Rand  Mines  Power  Supply  Co.,  Ltd. 

THE   RESTORATION   OF  SERVICE  AFTER  A   NECESSARY  INTERRUPTION 
F.  B.  Ricketts  Vol.  zxxv— 191«,  pp.  «S6-«48 

The  phenomenal  growth  during   the  last  few  years  in  the  electrical 
industry  has  been  due  as  much  to  the  marked  advances  in  the  methods 
of  maintaining  a  uniform  service  as  \.o  'axv^  o\>\^x  t^M%^.     Attention  is 
called  to  that  class  of  intertuptvotvs  vj\v\c\v  ^o  l^x  V^n^  \i^^^  ^^e^  Nfr\\ 
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how  the  distribution  is  determined  by  the  various  capacili< 
is  given.  It  is  shown  how  the  distribution  can  be  improvi 
or  varying  the  internal  capacity  of  the  units. 

The  proposed  method  of  grading  consists  in  placing  fiat  i 
the  insulator,  aroutid  cap  and  stud  respectively,  the  j^orcel 
enlarged  for  this  purpose. 

A  simple  method  of  measuring  the  voltage  distributioi 
using  a  single  needle  gap. 

The  results  of  tests  with  and  without  grading  are  give 
strings  showing  a  decidedly  better  (listril)ution  of  voltage. 

Discussion,  ])ages  758-755,  by   .Messrs.   1^'.   \V.    Peek,  Jr., 
Oeighton. 

A  general  discussion. 

THE  CORONA  VOLTMETER 
J.  B.  Whitehead  and  M.  W.  Pullen  Vol.  xxxv — 

An  instrument  is  described  in  which  the  lirst  a])pearanc 
used   as  a    measure  of   the  applied    voltage.      The   elcctrost 
vanometer  or  the  tele[)hone  are  use<l   to  <letcrniiiie  the  hr 
of  corona.      Tests  showing  the  (.-onstancy  an<l  pcnnancricc 
ment  are  described. 

Discussion,    pages   S;i4-S4.'i,    by    Messrs.    L.    \V.    Cluibb, 
J.  R.  Craighead,  C.  F.   Harding.  F.   \V.   Feck,  jr..  j.    Kunz. 
and  J.  B.  Whitehead. 

Arguments  for  and  against  the  corona  voltmeter  a^  ct 
other  methods  of  measuring  high  voltages. 

TEMPERATURE  RISE  OF  INSULATED   LEAD-COVERED   C 
Richard  C.  Powell  Vol.  xxxv     19] 

After  a  brief  historical  note,  the  factors  that  determine  the  r 
ature  rise  of  a  cable  are  considered.  The  thermal  coiulu 
pressed  in  terms  of  \'(>lumc  thermal  coii(huti\ity  of  the  ii 
surface  thermal  con<luctivily  of  the  lead  sheath,  and  tlie  « 
the  cal)le.  A  formula  is  ^'i\'en  for  caU  ulating  mircascd  ten 
to  stray  currents  in  tlic  lead  sheath.  Carryinj^'  caj)acity  is 
ered  from  the  viewpoint  )f  the  thermal  ]iropiTties  of  the  dii 
overload  or  intermittent  ratini;  is  cal«  ulati-d  from  a  j^i 
X'ariable  air  leinj)cral  urc  is  «hs(n>^t'il.  Various  fnrniiihi^ 
\eloped  in  thr^-e  ap])eii(lixe>. 

PisfHssioH.  ])aj^as  10  l."}- 1  ().")().  1)\-  Me^-r>.  M.  T.  Ci  a  \\f< 'I'l  1.  1 
j.  B.  Fisken.  S.  (\  Lindsay.  (\  R.  (^.ll^l^.  II.  \V.  Hiuk.  1- 
I-:.  (;])en<  V  and  W.  A.    Del    Mar. 

.\  ^i-nei'al  di>(  nssion  with  s])eeial  cinpha^is  .)ii  \\\c  ((Ket  i.i 
ri-,e  ot  ailiati'Til  ])o\\er  Inn-  aii'l  «  i  < ---oNaT^.  I'^x]  teneiif. 
lari^'e  p'  tuer  <  <  'iniJanies. 

TESTING    FOR    DEFECTIVE    INSULATORS   ON    HIGH-TENSION   T 

LINES 
B.  G.  Flaherty  Vol.  xxxv      191 
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n&tion  of  the  first  system  irt  the 

/WWW'"-  ''»«'■*        r-  4    «Mk,  H.  B.  Gear,  B.  G.  Beck,  B.  W.  Gil- 

.M>ii.  /'•  ^'""'"   V  the  advantages  of  single  conductor,  three-phase  cables. 
\  discussion  o  -      «„d  sjse  of  manholes,  ventilation  of  ducts, 

^f  insulation,  locacw"  - 
^■;^i;«b.es.ndio,„t.s.etc. 

i^OJfPAlvrS  PROBLEM  IN  THE  BLBCTRIC  SUPPLY  FOR  LARGE 
TBt  PO^**  ^  SINGLE-PHA8B  LOAD 

....  Vol.  zxjnr— Itlt,  pp.  lS8«-iS«S 

nr.  C.  L-  ««**■ 
The  power  company  must  be  able  to  supply  energy  of  uniform  pressure, 

le-phase,  two-phase  or  three-phase,  at  whatever  voltage  best  suits 
ustomer.  These  conditions  best  met  by  polyphase  units.  When  demand 
for  single-phase  current  is  heavy  enough  to  produce  unbalance,  some 
means  of  balancing  must  be  provided.  Three  methods  are  discussed 
Correction  for  power  factor  on  each  individual  large  consumer's  line  is 
suggested. 

Discussion  incorporated  with  that  of  paper  by  Philip  Torchio  on  "Sup- 
ply of  Single- Phase  Loads  from  Central  Stations." 

SUPPLY  OP  SINGLE-PHASE  LOADS  PROM  CENTRAL  STATIONS 
PklUp  Torchio  Vol.  zzzr— Itlt,  pp.  Itf  S-lSOl 

American  central  stations  have  extensively  adopted  single-phase 
distribution  from  polyphase  stations.  Individual  regulators  employed. 
Generators  with  good  single-phase  characteristics  or  in  certain  cases 
generators  with  kilovolt  ampere  rating  in  excess  of  kilowatt  capacity  of 
steam  unit  are  employed.  Customers  assist  balancing  by  dividing  load 
between  phases.  Question  of  power  supply  to  N.  Y.,  N.  H.  &  H.  R.  R. 
discussed.    Equipment  described. 

£)t5ftt55fow,  (including  that  of  paper  by  W.C.L.  Eglin),  pages  1302-13K{. 
by  Messrs.  W.  S.  Murray,  P.  Junkcrsfeld,  D.  B.  Rushmore,  L.  E.  Imlay, 
H.  R.  Summerhayes,  N.  W.  Storcr,  E.  H.  Martindalc,  E.  F.  W.  Alexander- 
son,  J.  L.  Harper,  H.  W.  Buck,  J.  E.  Kcrshner,  C.  F.  Scott,  W.  C.  L.  Eglin, 
P.  Torchio,  F.  Osgood  and  C.  F.  Harding. 

General  discussion. 

SINGLE-PHASE  POWER  PRODUCTION 
E.  F.  W.  Aleuinderson  and  G.  H.  Hill  Vol.  xzxv— 1916,  pp.  1S1S-1SS7 

The  general  tendency  of  electric  power  supply  is  toward  centralization 
of  stations  and  to  be  consistent  stations  must  be  standardized.  From  this 
standpoint  single- phase  power  can  l)est  be  supplied  from  polyphase 
systems.    Operation  and  theory  of  phase  converters  discussed. 

Discussion  incorporated  with  that  of  paper  by  Oilman  and  Fortescue 
on  "Single- Phase  Power  Service  from  Central  Stations." 

SINGLE-PHASE  POWER  SERVICE  FROM  CENTRAL  STATIONS 
R,  B.  GUman  and  C.  L.  Fortescue  Vol.  xxmr— Itlt,  pp.  1SS«.1S47 

An  outline  of  several  mclhoeV?.  \i\  ^'\vvci\v  s\tv^^-"^Vvase  power  may  be 
supplied  from  a  polyphase  system  V\\.\\  ^e^vatvV^^^^s  ;ixv^  eCv^^N^Tv-^^i^^^, 
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EXPERIMENTS  ON  PORCELAIN  SUSPENSION  INSULATOR  UNITS 
J.  Cameron  Clark  VoK  zzxv-1916.  pp.  1468-1466 

A  very  complete  description  of  experiments  on  porcelain  suspension 
insulator  units.  Preliminary  organization,  scope  of  tests,  unusual  equip- 
ment required  to  measure  very  high  resistance  of  sound  dry  insulators. 
Results  tabulated  when  insulators  were  subjected  to  mechanical  stress. 
voltages  of  1,000  to  30,000,  to  temperature  variation,  also  effect  of  moisture. 
Description  of  attempted  methods  of  water-lugging  insulators. 

i\o  discussion. 

TEMPERATURE  DISTRIBUTIONS  IN  ELECTRICAL  MACHINERY 
B.  G.  Lamme  Vol.  xzzv— 1916,  pp.  1471-1488 

The  fundamental  principles  governing  heat  distribution  and  temper- 
ature in  electrical  apparatus.  Heat  generation,  heat  flow  and  heat 
dissipation  and  resultant,  temperature  are  discussed.  Paths  of  heat  flow 
and  effects  of  heat  resistance  of  such  paths  discussed.  The  effects  of 
rapid  head  flow  on  equalization  of  temperatures  and  on  their  measure- 
ment. Fallacies  in  temperature  guarantees  and  indications  pointed  out. 
Some  of  more  common  errors  in  methods  of  measurement  described. 

Discussion  incorporated  with  that  of  paper  by  F.  I).  Newbury  on 
'•Rational  Temperature  Oiiarantees  for  Large  A-C.  Generators. 

RATIONAL  TEMPERATURE  GUARANTEES  FOR  LARGE  A.C.  GENERATORS 
F.  D.  Newbury  Vol.  xxxv— 1916,  pp.  1489-1602 

An  argument  for  the  standardization  of  temperature  guarantees  when 
based  on  internal  temperatures  as  measured  V)y  thermocouples.  It  is 
recommended  that  in  all  cases  the  maximum  safe  operating  temperature 
of  the  insulation  l)c  used  as  temperature  guarantee  instead  of  a  lower 
temperature,  .\rgunients  arc  j)resented  from  the  stand-point  of  both 
operating  and  designing  engineer'^.  CAirves  arc  shown  illustrating  tem- 
perature conditions  in  ^tator  and  rotor  of  a  large  high-voltage  turbo- 
generator. Examy)les  arc  given  showing  that  a  l«')w  temperature  rise 
guarantee  for  the  stator  does  not  necessarily  result  in  overload  margin. 
To  be  certain  of  overload  margin  specifications  must  call  for  maximum 
rating  desired. 

Discussion,  ppi'iic'^  Io0.3-lo22.  by  Messr-^.  A.  Gray,  W.  ].  Fo-^ter.  C.  j. 
Frchhoimrr.  \'.  M.  Mont^ingrr.  P.  Tunkrr'=itrbK  P.  M.  binroln,  \V.  C. 
Rauer.  \.  J.  T'onraH.  C  \.  KpU^t.  Nf.  \\.  Fl''»^«»r.  B.  G.  Lamme.  and 
F.  D.  \rubur\-. 

.A  general  di'^^ru^-'-ion. 

4.  INSULATION  AND  DIELECTRIC  PHENOMENA 

STUDIES  IN   LIGHTNING    PROTECTION    ON   4000-VOLT   CIRCUITS 
D.  W.  Roper  Vol.  xxxv      1916,  pp.  666-694 

ln\e<t igalKMi-  cv  cr  a  i'wc-ycur  [)C-i"iod  on  a  'listributing  system  L(_>\'cnng 
about  1-^0  <vf|uarf  milf^  cA  \hc  (ir\-  r^f  ('hicag*'),  sup[»lyinj;  abr^ut  2.')().0()() 
cu-^torncr-    !hrr)ii^'h    about     If). 000    I  ransfr.rmer^.      .\    number   of    theories 
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SUPPLY  OF  SINGLB-PHASE  LOADS  FROM  CENTRAL  STATIONS 
PbUip  Torcbio  Vol.  zzzr— 1«16,  pp.  IStS-lSOl 

American  central  stations  have  extensively  adopted  single-phase  dis- 
tnbution  from  polyphase  stations.  Individual  regulators  employed. 
Generators  with  good  single-phase  characteristics  or  in  certain  cases  gen- 
erators with  kilovolt  ampere  rating  in  excess  of  kilowatt  capacity  of  steam 
unit  are  employed.  Customers  assist  balancing  by  dividing  load  between 
phases.  Question  of  power  supply  to  N.  Y.,  N.  H.  &  H.  R.  R.  discussed. 
Equipment  described. 

Discussion,  (including  that  of  paper  by  W.C.L.  Eglin), pages  1302-1313, 
by  Messrs.  W.  S.  Murray,  P.  Junkersfeld,  D.  B.  Rushmore,  L.  E.  Imlay, 
H.  R.  Summerhayes,  N.  W.  Storer,  E.  H.  Martindale,  E.  F.  W.  Alexan- 
derson,  J.  L.  Harper,  H.  W.  Buck,  J.  E.  Kershner,  C.  F.  Scott,  W.  C.  L. 
Eglin,  P.  Torchio,  F.  Osgood  and  C.  F.  Harding. 

General  discussion. 

SINGLE-PHASE  POWER  PRODUCTION 
E.  F.  W.  Alezanderson  and  G.  H.  HiU  Vol.  zxzv— 1«16,  pp.  1S1S-1SS7 

The  general  tendency  of  electric  power  supply  is  toward  centralization 
of  stations  and  to  be  consistent  stations  must  be  standardized.  From  this 
standpoint  single-phase  power  can  best  be  supplied  from  polyphase 
systems.    Operation  and  theory  of  phase  converters  discussed. 

Discussion  incorporated  with  that  of  paper  by  Gil  man  and  Fortescue 
on  "Single- Phase  Power  Service  from  Central  Stations." 

SINGLE-PHASE  POWER  SERVICE  FROM  CENTRAL  STATIONS 
R.  E.  Gilman  and  C.  L.  Fortescue  Vol.  xzzv — 1916,  pp.  lSt9-lS47 

An  outline  of  several  methods  by  which  single-phase  power  may  be 
supplied  from  a  polyphase  system  with  advantages  and  disadvantages. 
Unbalance  in  voltage  when  single-phase  power  is  supplied  direct  from 
polyphase  circuit  explained.  Law  of  distribution  of  load  in  polyphase 
system  deduced.  Outline  of  theory  of  single-phase  generator  given. 
Essential  requirements  for  phase  balancing,  requirements  for  control 
apparatys,  behavior  of  balancer  under  vshort  circuit. 

Discussion,  (including  that  of  paper  by  Alexanderson  and  Hill),  pages 
1348-1368,  by  Messrs.  R.  E.  Doherty,  H.  G.  Reist,  H.  L.  Wallau,  H.  R. 
Summerhayes,  R.  E.  Gilman,  VV.  C.  L.  Eglin,  B.  A.  Behrend,  C.  A.  Adams, 
D.  W.  Roper,  G.  H.  Hill,  P.  Torchio,  P.  Junkersfeld,  C.  F.  Scott,  H.  C. 
All)right,  E.  F.  W.  Alexanderson,  and  C.  L.  Fortescue. 

A  general  discussion  of  the  advantages  of  various  methods  of  single- 
phase  generation  and  operation  with  some  facts  relative  to  comparative 
costs. 

RUPTURING  CAPACITIES  OF  OIL  CIRCUIT  BREAKERS 
Stephen  Q.  Hayes  Vol.  xzxr— 1916,  pp.  ISSS-ISSO 

A  series  of  notes  on  the  rupturing  capacity  of  oil  breakers.     Description 

of  result  obtained  by  root-mean-square  of  maximum  peak  of  current  wave 

that  occuns  while  breaker  is  opemw?,  m\3\\:\v\\^d  hv  root-mean-square  of 

open-circuit  voltage  that  occurs \mme^\^\.^\^  ^\\.^\ \ix^Vti\  q^^^tss..    Kxx^u- 
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and  compared  with  a-c.  results.     Visual  corona  voltage  an(' 
voltage  with  air  density.     Spark-over  voltages  in  air  and  oil. 
down  voltages  of  solid  insulations  as  compared  with  a-c. 
direct  current  in  cable  testing. 

Discussion,  pages  801-808,  by  Messrs.  J.  B.  Whitehea«l 
S.  Farwell,  C.  E.  Skinner,  C.  L.  Dawes,  C.  H.  Sharp,  J.  B.  T 
Peek,  Jr.,  and  L.  T.  Robinson. 

A  general  discussion  with  amplification  of  certain  fcati 
spark-over  between  concentric  cylinders,  the  Thury  high 
svstem,  etc. 

TESTING  FOR  DEFECTIVE  INSULATORS  ON   HIGH-TENSION    TF 

LINES 
B.  G.  Flaherty  Vol.  xxxv— 191« 

A  discussion  of  the  imj)ortance  and  necessity  of  field  tests 
sion  insulators  and  three  methods  of  making  such  tests,  v 
oscillator,  the  megger,  and  the  tclcplujne  receiver.  The  latte 
in  detail  and  some  data  given  on  its  dcveloi)menl  and  use 
volt-line.  Laboratory  checks  on  defective  insulators  are  gi\ 
of  cost  for  h>cating  and  re[>lacing  deferti\'e  units  arc  given, 
studying  rate  of  depreciation  is  outlined. 

Discussion,  pages  1110-1129,  by  Messrs.  H.  f.  Ryan,  L.  T 
A.  Loew,  J.  B.  Taylor.  C.  E.  Magnusson.  M.  T.  Crawford.  W 
R.  W.  Pope,  C.  P.  Osborne,  G.  Harding.  B.  C.  Flaherty.  S. 
J.  P.  Jollyman,  J.  Mini.  Jr.,  and  E.  K.  Creighton. 

Advantages  and  tlisadvantages  of  various  methods  (<f  d 
testing  faulty  insulators,  cpiestion  of  remoxal.  oil  iinpregnati 
insulators,  value  of  grounded  neutral,  t'tc. 

INSULATOR  FAILURES  UNDER  TRANSIENT  VOLTAGl 
W.  D.  Peaslee  Vol.  xxxv~19H 

This  pajK'r  jjrescnts  the  results  «;f  rt'cenl  iiu  csiigalions  on 
insulators    under    imi)at;t    and    coiii])iiU'(l    inif)act    an<l    norm; 
voltages.     Microj)hotograj)hs  are  imludcd.     Tiic  breakdown  ( 
involves    energy    whieh    is   a    time    functi(»n.  and    the    iin])orl 
duration  of  the  stress  in  determining  llic  magnitude  *>{  tlic  v 

'  sar\' to  ] juncture  an  insulator  are  discussed.    The  importance  o 

I  tion  (»t  air  hoU'>  an<l  dcti-cls  in  j»oree]ain  i<  shovsn.     Some  cssct 

1  of  a  sui'cesstul  line  insulate^'  are  --tatcc]. 

I)i.s( Ks^iofi,   paj^es    1  1  !>.')- 120.").   l.y    Messrs.  j.    B.    ['""i-ken.   W. 

j  R.   Jlowes,    I..   T.    McTwin.    11.  j.    Rvari.    U.   \V .    Ma-tick.   R. 

I  .\.  .\.  .Millnand  1-:.  I-:.  F.  Creighton. 

!  A  genci-al  di>>  ii-sioii  uuludinK  c.xpcricncr^  ot  certain  powri' 

I  lines. 

j  CERAMICS  IN    RELATION   TO   THE   DURABILITY  OF  PORCELAIN 

*  INSULATORS 

Harris  J.  Ryan  Vol.  xxxv     1916, 

I  The  fundamenlal   rc(iuircm(.'iUs  in  ^al  ist'acloiy  high-\oliag 

I  tors  .'ire  summai'i/.cd  and  pai'ti*  ular  tinpliasis  i^.  ])lacv<l  ui»on 
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HIGH-VOLTAGE  D-C.  RAILWAY  PRACTISE 
Clarence  Rensluiw  Vol.  zzzr — Itlt,  pp.  S4T-SM 

This  paper  deals  with  the  fundamental  diflferences  in  apparatus  for 
1200  or  1500  volts  as  compared  with  former  600-volt  standards.  It  points 
out  the  tendency  to  use  higher  d-c.  voltages  with  the  multiplicity  of  volt- 
ages slightly  differing  such  as  2400.  3000,  3600,  4200,  etc.  It  recommends 
in  order  to  avoid  confusion,  the  establishment  at  once  of  a  standard  high 
voltage.  It  is  shown  that  final  voltage  standards  are  usually  fixed  by 
economic  standards  rather  than  physical  limitations  and  5000  volts  is 
suggested  as  very  satisfactory.  The  5000- volt  line  at  Jackson,  Michigan, 
is  briefly  described. 

Discussion,  pages  361  and  383,  by  Messrs.  F.  J.  Sprague,  W.  J.  Davis, 
Jr.,  W.  B.  Potter,  Calvert  Townley,  S.  I.  Oesterreicher,  B.  F.  Wood, 
E.  V.  Pannell,  A.  H.  Armstrong,  S.  Haar,  C.  Schwartz,  N.  W.  Storer  and 
C.  Renshaw. 

A  detailed  presentation  of  the  arguments  for  and  against  the  adoption 
of  higher  d-c.  voltages  and  standardization. 

18.  LIGHTING  AND  LAMPS 

ILLUMINATION  OF  THE  PANAMA-PACIFIC  INTERNATIONAL  EXPOSITION 
W.  D*A.  Ryan  Vol.  zxzv— Itlt,  pp.  TfT-TSS 

This  paper  describes  the  system  of  lighting  adopted  for  the  P-P.  I.  E., 
which  was  generally  conceded  to  have  initiated  a  new  era  in  the  art  of  il- 
lumination. From  a  narrow  engineering  point  of  view  the  lighting  would 
have  been  regarded  as  inefficient,  but  the  object  striven  for  was  to  sup- 
press high  intrinsic  brilliancy,  while  bringing  out  the  architectural  beauties 
of  the  exposition  structures  in  the  most  effective  manner. 

No  discussion. 


20.  MISCELLANEOUS  APPLICATIONS  OF  ELECTRICITY 

THE  TRUE  NATURE  OF  SPEECH 
J.  B.  Flowers  Vol.  zzxv— 1«16,  pp.  SlS-SSl 

A  proof  that  speech  is  a  rapid  variation  in  the  intensity  of  the  voice  and 
mouth  tones  according  to  definite  sound  patterns  called  letters  of  the 
alphabet.  Photographs  are  taken  with  aid  of  string-galvanometer  of  each 
letter  of  the  alphabet.  From  the  curve  the  phonographic  alphabet  is 
obtained  by  measuring  the  variations  in  intensity  of  the  main  tone  of  the 
record. 

A  design  for  a  voice-operated  phonographic  alphabet  writing  machine  is 
described. 

Discussion,  pages  232-248,  by  Messrs.  H.  B.  Williams,  L.  T.  Robinson, 
A.  C.  Crehore,  W.  Maver,  Jr.,  W.  J.  Hammer,  L.  W.  Chubb,  C.  A.  Adams, 
/.  B.  Taylor  and  J.  B.  Flowers. 

A  general  discussion  indud\t\^  IW  d^N^Xo^m^tvt  of  the  theory  of  the 
string  galvanometer. 
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expressed  in  terms  of  volume  therraa.!  conductivity  of  the  insulation,  the 
surface  thermal  conductivity  of  the  lead  sheath,  and  the  dimensions  of  the 
cable.  A  formulti  is  given  for  calculating  increased  temperature  due  to 
stray  currents  in  the  lead  sheath.  Carrying  capacity  is  also  considered 
from  the  viewjioint  of  the  thermal  properties  of  the  duct  line.  The  over- 
load or  intermittent  rating  is  calculated  from  a  given  formula.  Variable 
air  temperature  is  discussed.  Various  formulas  given  are  developed  in 
three  appendixes. 

Discusiian.  pages  1043-1050.  by  Messre.  M.  T-  Crawfonj,  L.  T.  Merwin. 
J.  B.  Fisken.  S.  C,  Lindsay.  C,  R.  Collins,  H,  W  Buck.  R.  Howes.  M.  E. 
Cheney  and  W.  A.  Del  Mar. 

A  general  discussion  with  s|jccial  emphasis  oil  the  eRecl  on  temperature 
rise  of  adjacent  power  lines  and  crossovers.  Experiences  of  several  large 
power  companies. 
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6.    MAGNETIC    PROPERTIES    AND    TESTING    OF    IRON 
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Dis  u  siuK.  pages  ^S7-2!>!l.  by  Messrs.  H.  F,  T,  Erb. 
W.B.  Poller.  F.  H,  Kicrstead.  H,  M.  Hobart,  W,  J,  F. 
ham.  I,.  T,  Robinson,  A,  S,  l.angsdorf  and  B,  C.  I.uminc 

A  general  liiseussion  of  iron  losses  in  .U-.  maLhines  uv 


of  the  effects  of  flux 
rben.  W,  S.  Mooiiv, 
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A  discussion  of  effects  of  leaking  insulators,  charging  electrolytic 
arresters,  carelessness  in  making  transpositions  and  an  appeal  for  co- 
operation of  telephone  and  power  companies. 

CHARACTERISTICS  OF  ADMITTANCE  TYPE  OP  WAVB-PORM   STANDARD 
Prederick  BedeU  Vol.  xzzv-1916,  pp.  llSf-1170 

A  description  of  the  characteristics  of  a  certain  type  of  standard  for 
determining  how  near  an  actual  wave  is  to  a  true  sine  wave  and  for 
prescribing  allowable  limits  of  deviation.  An  investigation  to  determine 
whether  a  standard  can  be  specified  that  will  be  more  suitable  in  its 
characteristics  and  more  practical  in  its  application. 

Discussion^  pages  1171-1186,  by  Messrs.  H.  S.  Osborne,  L.  F.  Curtis, 
C.  E.  Magnusson.  L.  W.  Chubb,  L.  T.  Merwin,  L.  J.  Corbett,  J.  B.  Fisken, 
W.  D.  Peaslee,  H.  J.  Ryan,  R.  W.  Mastick,  F.  Bedell  and  Report  by 
Joint  Committee  on  Inductive  Interference.  "* 

A  discussion  of  the  various  factors  involved  in  the  selection  of  a  wave- 
shape standard  and  the  penalizing  of  upper  harmonics.  An  appeal 
for  cooperation  between  power  companies,  telephone  companies  and 
manufacturers. 

22.  MISCELLANEOUS  TOPICS  AND  INSTITUTE  AFFAIRS 

THE  MUNICIPALLY-OPERATED  ELECTRICAL  UTILITIES  OP  WESTERN  CANADA 
A.  G.  Christie  Vol.  xxmr— Itlt,  pp.  S8-87 

The  paper  discusses  a  number  of  public  utilities  in  various  cities  in 
Western  Canada.  The  characteristics  of  these  cities  are  reviewed  and  a 
brief  outline  of  equipments  of  the  various  plants  is  given.  The  costs 
and  methods  of  financing  these  utilities  are  discussed  at  considerable 
length  and  the  charges  for  various  services  are  summarized. 

Discussion,  pages  88-98,  by  Messrs.  P.  Betts,  H.  G.  Stott,  R.  P.  Bolton, 

E.  J.  Cheney,  C.  H.  Sharp,  A.  Reid  and  A.  G.  Christie. 

A  general  discussion  of  the  advantages  and  disadvantages  of  municipal 
ownership  of  public  utilities  and  methods  of  financing  them. 

CHATTERING  WHEEL  SLIP  IN  ELECTRIC  MOTIVE  POWER 
G.  M.  Eaton  Vol.  zzzr— 1«16,  pp.  1T5-17« 

The  paper  shows  that  chattering  wheel  slip  is  characteristic  of  all  types 

of  electric  motive  power.     The  application  of  the  motive  power  in  the 

electric  and  steam  drives  is  compared,  and  the  reasons  for  the  chattering 

•  wheel  slip  and  the  means  of  measuring  and  rectifying  the  same  are  given. 

Discussion,  pages  180-182,  by  Messrs.  S.  T.  Dodd,  W.  I.  Slichter,  C 

F.  Scott,  W.  L.  Merrill  and  G.  M.  Eaton. 
A  general  discussion. 

A  METHOD  OP  DETERMINING  THE  CORRECTNESS  OP  POLYPHASE  WATT- 
METER CONNECTIONS 
W.  B.  Kouwenhoven  Vol.  xzzv— Itlt,  pp.  i8S-S06 

A  description  of  a  met\\od  ol  cVv^cVivtv^W^cckXt^^Xxv^^-s^df  the  connections 
of  a  polyphase  watt -hour  melct  aLtld^Iool^V^^^>ciam^^^^^^\s^^'5^.K:.^T^^ 
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The  four  principal  sources  ofcore  loss  are  considered,  namely — armature- 
ring  loss,  armature-tooth  loss,  eddy  currents  in  buried  conductors,  and 
pole-face  losses.  Under  eddy  current  losses  an  explanation  is  given  of 
certain  losses  not  usually  taken  into  account  with  a  crude  method  of  cal- 
culation and  some  tabulated  results. 

Under  pole-face  losses  an  empirical  formula  is  given,  also  tabulated 
results. 

The  effect  of  load  on  losses  is  discussed  and  some  of  the  effects  of  flux 
distortion  on  losses  are  shown. 

Discussion,  pages  287-299,  by  Messrs.  H.  F.  T.  Erben,  W.  S.  Moody, 
W.  B.  Potter,  F.  H.  Kierstead,  H.  M.  Hobart,  W.  J.  Foster,  J.  L.  Burn- 
ham,  L.  T.  Robinson,  A.  S.  Langsdorf  and  B.  G.  Lamme. 

A  general  discussion  of  iron  losses  in  d-c.  machines  and  transformers. 

ELECTRIC  DRIVE  FOR  REVERSING  ROLLING  MILLS 
Wilfred  Sykes  and  D«?id  Hall  Vol.  xxxv— 1«16,  pp.  S01-S19 

This  paper  answers  some  of  the  questions  which  have  arisen  in  the 
rapid  displacement  of  steam  drive  by  electric  drive  for  reversing  rolling 
mills,  and  describes  the  constructions  which  have  been  found  desirable. 

Discussion,  pages  520-537,  by  Messrs.  K.  A.  Pauly,  E.  S.  Jeffries.  I).  M. 
Petty,  R.  Tschentscher,  H.  D.  James,  F.  G.  Liljenroth,  B.  Wiley,  H.  S. 
Page,  P.  Lindemann,  A.  Gray  and  W.  Sykes. 

A  discussion  of  the  relative  merit  of  steam  and  electric  drive  for  revers- 
ing mills.  Statistics  of  installation  at  Steel  Company  of  Canada.  Com- 
parison of  European  and  American  practise. 

MOTOR  EQUIPMENTS  FOR  THE  RECOVERY  OF  PETROLEUM 
W.  G.  Taylor  Vol.  xzxv— 1916,  pp.  639-662 

This  paper  presents  data  covering  the  horse  i)ovver  requirements  and 
kilowatt-hour  consumption  for  the  various  operations  in  drilling  and 
maintaining  producing  oil  wells.  The  use  of  the  slip-ring  induction  motor 
for  drilling,  pumping  and  cleaning  wells.  Special  controllers  and  resist- 
ance. Pumping,  cleaning  and  "pulling"  rods  by  a  Y-delta  or  two  speed 
machine. 

Discussion,  pages  553-554,  by  Messrs.  F.  Woodbury  and  A,  M.  Dudley. 

General  discussion. 

EXPERIENCE  AND  RECENT  DEVELOPMENTS  IN  CENTRAL  STATION  PROTEC- 
TION  FEATURES 
N.  L.  Pollard  and  J.  T,  Lawson  Vol.  xxxv  -1916,  pp.  696-716 

The  i)rotoctivc  features  described  in  this  paper  are  some  of  those  now 
in  use  on  the  system  of  the  Public  Service  Electric  Company,  which  serves 
a  population  of  about  2, "200, 000. 

The  protective  devices  and  schemes  discussetl  are,  as  follows:  Alumi- 
num cell  arresters;  arcing  ground  su})prcssor;  faulty  cable  localizer;  cable 
testing;  high-potential  and  liigli-frequency  testing;  generator  bus  connec- 
tion scheme;  exciter  connection  scheme;  reactors;  relays;  multi-recorders; 
insulation  resistance  recorder;  air  washers;  resistance  bulbs  and  thermo- 
couples;   dampers    on    air-blast    transformers;    coherer    alarm    devices; 
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Piscussioft  incorporate<1  with  that  of  paper  by  O.  O.  Rider  on  "Protec- 
tion oi  High-Voltage  Distribution  Systems  by  Isolating  Transformers." 

ELECTRICAL  MACHINERY  TESTS  AND  SPECIFICATIONS  BASED  ON  MODSRH 

STANDARDS 
H.  M.  Hobart  Vol.  zxrr— IflC,  p^  Itlt  l«tT 

Comparisons  arc  made  of  the  standardization  rules  for  electrical 
machinery  now  in  force  in  various  countries  showing  that  machinery  built 
in  cv^nformanco  with  the  -American  rules  i**ill  usually  also  conform  with 
rules  emplovtii  in  other  countries.  Suggestion  is  made  that  55  degrees 
could  be  employeti  as  the  ambient  temperature  of  reference  for  tropical 
ratings.  Attention  is  calKM  to  a  series  of  acceptance  tests  on  some  large 
waterwheel  generators  and  to  the  temperature  results  obtained  by  making 
cyclic  heat  runs  on  these  machines. 

No  viiscussion. 

TEMPERATURE  DISTRIBUTIONS  IN  ELECTRICAL  MACHINBRT 
3   G.  Limine  Vol.  xxxr^lflC,  r^  UTl-1 


The  lur.  lamcntal  principles  governing  heat  distribution  and  tempera- 
:*,iri  :r.  ^-Icctncal  apparatus.  Heat  generation,  heat  flow  and  heat  dissipa- 
*:  !'  .t!.  !  rcsiiltan:  temperature  are  iiscus-sevi.  Paths  of  heat  flow  and 
.:Ttv*-  :  rca*  resistance  of  <uch  paths  iiscussed.  The  effects  of  rapid 
: cit  f.  "A  ::  coualizatur.  *  ten'.peratiires  and  on  their  measurement. 
F.xll.-.v .-.  <  ir.  tcrr.peraf.ire  gu^irantees  an:  indications  p^rlnte'd  out.  Some 
:  •".  •';  .  •".:::'.  r.  c'r  r<  ir.  rv.th  -ts  :t  :r.ea<urement  described. 
-'^:^   :..>:»:  ::..    r:     r.ttr '.  '.v:th  that     t  paper  by  F.  D.  Xewbur>-  on  **Ra- 

-irt  >  I'.ivir.-.T'.tv v>  t.  '  l-v*ri*t  A-C  Generatc»rs. 


V     .    »1 


RATIONAL    TEMPERATURE   GUARANTEES  FOR  LARGE  A-C.  GENERATORS 
F    D    »wbur>  Voi.  xxxT— m*.  p^  Ii»»-1MS 

A-    .'i;  :•- , -■   :    '  -■  -    -'.^■\  '.:•.'[:: .-.::  ■•:.     :   tvrt:  trature  guarantees  when 
-      "■•^--.^"    :  v': -^ '-I'MT^  -   -;-    -^:_i-.:rv  :    ":  y    thermc-couples.      It    :- 

— A      •■•-.■  -■  .:'.'.   ..:-:-  ■"■    -^^.iV-^^m-t:  -vtA     :  eratin^  temperatur, 

'    '        :--:.^"     -       ,     :-       .^-    •  ^  "  :  i  '  ;.*  .irr    *:u.tr.irtox    insteai  of  a  lower 
--•  -    -  ._  -    -  -         ^^ .-....-_..-  ^    _  -     .  , .  ^ . ..  • ,  4    .  ^   ...    •  ■-  „    >''an  J! '"^'"•int    ■"*?     h*""»t  h 

'    '.."•■.:   :'■  '    A-:.;-:^^:   -. '-c":^^'-       A-.:r-.  ^<  ar^   -h>wn  illustrating  tem- 
■     '  .-  :-  -  h::    --   :r    -t.it    r   .:".  \   -   '.    '     *    a   !ar«:e   high-voltage  turS>- 

..■'.'    '       A\..-"-      -     .'      c       '"    -       v"-^    :h.it    :-.   1   w   ten:ii>eratitre   ns^ 

.  .  -  %     •  "  •        

'  .A'       '.  -     -      "".-. '^""    ^ '.*"'. *i *  1    r. f  T^'^f,    TA..  --r'T  TTiAxim'^'T'. 

A.:    -  ...  "-      A      r'A  \  ^^     ..     Foster.  L 


"     "     -•"-'.   3    G    La-nte  an 


rv?7Vr:>  :  :A?Aj:riEs  of  oil  circuit  breakers 

Steri—   C    ':i±t>  Voi.  xxxr— If  1ft,  »».  H 


•     il  breakers       Descnp- 
-".i.^.rr.uT.  reak  :»!  currer: 
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wave  that  occurs  while  breaker  is  opening  multiplied  by  root-inean- 
square  of  open-circuit  voltage  that  occurs  immediately  after  breaker 
opens.  Attention  called  to  different  classes  of  ratings.  Recommenda- 
tions made  as  to  most  desirable  method  of  rating  and  ability  of  breakers 
to  be  re-operative. 

Discussion  incorporated  with  that  of  paper  by  E.  M.  Hewlett  on 
"Rating  of  Oil  Circuit  Breakers". 

RATING  OF  OIL  CIRCUIT  BREAKERS 
E.  M.  Hewlett  Vol.  xxxv— 1916,  pp.  16S1-16SS 

Paper  points  out  several  difficulties  which  are  encountered  in  rating  of 
actual  circuit  breakers,  but  generally  favors  that  these  ratings  be  on 
the  basis  of  the  current  to  l)e  opened  in  the  arc  at  the  operating  voltage 
of  the  system. 

Discussion,  pages  1.534-1549,  by  Messrs.  C.  Lichtenberg,  X.  L.  Pollard, 
G.  A.  Burnham,  J.  L.  Harper,  H.  W.  Buck,  J.  B.  Taylor,  K.  C.  Randall. 
L.  E.  Imlay,  C.  A.  Adams,  E.  M.  Hewlett,  S.  Q.  Hayes,  H.  R.  Summer- 
hayes.  P.  M.  Lincoln.  L.  W.  Chubb  and  P.  Lindemann. 

A  general  discussion. 

11.  POWER  PLANTS  AND  CENTRAL  STATIONS 

THE  MUNICIPALLY-OPERATED  ELECTRICAL  UTILITIES  OF  WESTERN  CANADA 
A.  G.  Christie  Vol.  xxxv— 1916,  pp.  33-87 

The  paper  discusses  a  number  of  public  utilities  in  various  cities  in 
Western  Canada.  The  characteristics  of  these  cities  are  reviewed  and  a 
brief  outline  of  equipments  of  the  various  plants  is  given.  The  costs  and 
methods  of  financing  these  utilities  are  discussed  at  considerable  length 
and  the  charges  for  various  services  are  summarized. 

Discussion,  pages  88-98,  by  Messrs.  P.  Betts,  H.  G.  Stott,  R.  P.  Bolton, 
E.  J.  Cheney,  C.  H.  Sharp,  A.  Reid  and  A.  G.  Christie. 

A  general  discussion  of  the  advantages  and  disadvantages  of  municipal 
ownership  of  public  utilities  and  methods  of  financing  them. 

THE  POWER  COMPANY'S  PROBLEM  IN  THE  ELECTRIC   SUPPLY  FOR  LARGE 

SINGLE-PHASE  LOAD 
W.  C.  L.  Eglin  Vol.  xxxv— 1916,  pp.  1289-1292 

A  power  comi)any  must  be  able  to  su})ply  energy  of  uniform  [)ressurc, 
single-jjhasr,  two-])hase  or  three-phase,  at  whatever  vollago  best  suits 
custoniir.  These  conditicnis  best  niet  by  i)oIypha>e  units.  When  de- 
mand t"(;r  single-])]iase  current  is  heavy  t-nough  to  prt^duee  unbalance, 
some  means  of  balancing  must  be  j)rovi(led.  Three  methods  are  discussed. 
Correction  for  jjowcr  factor  on  each  indi\'idual  large  consumer's  line  is 
suggested. 

Discussion  incorporated  with  that  of  [)aper  by  Philip  Torcliio  on 
"Sujiply  of  Single-Phase  b(»a(ls  from  Central  Stations". 

SUPPLY  OF  SINGLE-PHASE   LOADS  FROM   CENTRAL  STATIONS 
Philip  Torchio  Vol.  xxxv      1916,  pp.  1293-1301 
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^i<ri<rator.  with  yjfxyl  single-phase  characteristics  or  in  certain  cases 
ytfirriiVnr :  with  kilovolt  ampere  rating  in  excess  of  kilowatt  capacity  of 
.'jtiiui  unit  an-  vm\)\<>yct\.  Customers  assist  balancing  by  di\-iding  load 
li<rw<«ri  j.hascs.  (Jiifsti'^»n  of  power  supply  to  N.  Y..  N.  H.  &  H.  RR. 
i\\  .<  II  .  .('I.      Ivfiuipmont  rlescribe^l. 

I)i\f  ussinn,  inrluding  that  of  paper  by  W.  C.  L.  Eglin,  pages  1302-1313. 

by  \b- .  ,r  .  \V.  S.  Murray,  P.  Junkersfeld,  D.  B.  Rushmore,  L.  E.  Imlay, 

II.  K.  Stirnmcrhaycs,  N.  W.  Storer,  E.  H.  Martindale,  E.  F.  W.  Alexander- 

ori.    |.   L.   Harper.   H.  \V.  Bu'^k,  J.   E.   Kershner,  C.  F.  Scott.  W.  C.  L. 

Mv^lin,   I*.  Torchio.  F.  ()>^<)<A  and  C,  F.  Harding. 

( ]r«iirr;il  di->(  ussion. 

SINGLE-PHASE  POWER  PRODUCTION 
E.  F.  W.  Aleianderson  and  G.  H.  HUl  Vol.  zzrr— 191«,  pp.  U1S-US7 

'I  h<-  general  tendency  of  electric  power  supply  is  toward  centralization 
of  :,t.aT.ir;ns  and  to  be  consistent  stations  must  be  standardized.  From 
ihi  -taiidjjoinl  >ingle-j>hase  power  can  best  be  supplied  from  polyphase 
y  t«rn  ,.      Operation  and  theory  of  phase  converters  discussed. 

Disr  ussioft  in(  orj^oratc'l  with  that  of  paper  by  Oilman  and  Fortescue 
(>u  "Single- Pha-c  Power  Service  from  Central  Stations". 


SINGLE-PHASE  POWER   SERVICE  FROM  CENTRAL  STATIONS 
R.  E.  Gilman  and  C.  L.  Fortescue  Vol.  xxxv— 1916,  pp.  1SS9-1S47 

.\ri  'Mithnc  of  several  i7U'lhod^  by  which  single-phase  power  may  be 
ii)>j)h«(]  from  a  i)oIyphase  system  with  advantages  and  disadvantages. 
L'nimlaiK  f  in  voltage  when  sin^le-]>hahc  power  is  supplied  direct  from 
]>(>\y\>\\iii-  (  ircuit  explained.  Law  of  distribution  of  load  in  polyphase 
.y-^trm  'Icdiiced.  Outline  of  the<'ry  of  single-phase  generator  given. 
IC  rntial  rcfpiirements  for  |jhase  l^alancing,  requirements  for  control 
appar,'il  11 -.  behavir.r  (,f  balancer  under  shr.rt  circuit. 

I)i\(  ussion,  'Hi(ludin^  thai  of  j)a|)er  by  .Mexanderson  and  Hillj,  pages 
J.Ms-bir.s,  l,y  Mr.-r...  K-  !•:.  Doherty,  H.  O.  Reist,  H.  L.  Wallau,  H.  R. 
SumirK  r}iay<s,  H.  \\.  (ill  man,  \V.  ('.  L.  ICglin,  H.  A.  Behrend,  C.  A.  Adams, 
\).  \\.  Roper,  (i.  II.  Hill,  P.  Torchio.  P.  Junkersfeld,  C.  F.  Scott,  H.  C. 
Albii^lit.   v..  V .  W.  Alexander.son,  and  ('.  L.  Fortescue. 

.\  ^M  IK  ral  di  .(  ussion  (»f  the  a<lvantages  of  various  methods  of  single- 
plia  r  ^'iiiciai  i'<n  and  ojjcraiioii  with  some  facts  relative  to  comparative 
<  <-  I    . 

12.  PARALLEL  OPERATION 

ELE(  TRK  AL   MACHINERY  TESTS  AND   SPECIFICATIONS  BASED  ON   MODERN 

STANDARDS 
H    M    Hobart  Vol.  xxxv— 1916.  pp.  1269-1S87 

( '<<iiipari  "n..  are  made  of  tlic  standarc]izati(jn  rules  foi  electrical  ma- 
<liiii(i\  11'. w  111  force  in  various  countries  showing  that  machinery  built 
in  <  <»nf<>rniaii(  (•  with  llie  Anii-rican  rules  will  usually  also  conform  with 
rules  (■mj)l(>ycd  m  other  <  ountries.  Su^^'cstion  is  made  that  55  degrees 
could  be  employed  as  the  ambient  temperature  of  reference  for  tropical 
rating's.      AtlenUon  is  caWed  Vo  a.  ^fcY\es  ol  ;ict<i^^\.a.uce  tests  on  some  large 
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WBterwhcel  generators  uni]  lo  Ihe  U'l 
cyclic  heat  rims  on  these  mncliirips 


13.  TRANSMISSION  LINES 


C.  p.  S»ii 


OUTLINI 


IMPULSE  CURRENTS 


— »ii,  n-  i-M 


In  Pari  I  it  is  shown  how,  from  the  integral  of  the  general  differenliat 
equation  of  the  electric  circuit,  which  has  been  distusserf  in  a.  previous 
paper,  all  types  of  electric  currents  are  derived  as  special  cases,  corres- 
Honding  to  particular  valuer  of  the  integration  constants. 

In  Pari  II  an  outline  of  ihe  theory  of  impulse  currents  is  given.  They 
comprise  two  das.ses.  the  non-periodic  and  the  periodic.  The  equations 
of  both  are  given  in  difffrenl  form,  f'y  exponential  :iiid  by  hyperbolic 
or  trigonometric  functions. 

A  few  special  cases  arc  discussed. 

lihrusnnn,  pages  20-31,  hy  Messrs.  C.  I'.  .Sluinmetz.  M.  1.  Pupin, 
H.  Pwder.  H.  LippeU  and  A.  E.  Kennelly. 

A  discussion  of  the  advantages  of  the  synthetic  and  analytic  methods 
rrf  studying  engineering  phenomena.  A  development  of  the  special  cases 
under  irripvilsc  currcnls  of  the  circuit  having  capncity  in  series. 

REPORT   OF   THE    TRANSMISSION    COMMITTEE 


pp.  BSS-SBI 

.f   Altitude   on   the 


I.  Data   from    Operating    Planl'i   on    the   Effi 
Operating  Temperature  Rise  of  KlcctHcal  Appuratvi^;. 

II,  Exi)crieiicc  with  Grounded  Neutral  on  High-T.-n. 
Lines, 

Disfi.^.<.U',u  pages  .iKl-.5SI7.  I.y  Messrs.  X.  A.  Carle.  M,  O.  Troy,  P. 
Junkersfdd,  E.  E.  F.  Creighton,  D.  B.  Rushmore.  J.  T.  Lawson.  J.  B. 
Taylor.  P,  H,  Chase,  H,  R.  Womlrow.  E.  C.  Stone,  F,  L.  Hunt,  L.  N. 
Crichton,  R.  F.  Schiiehardt,  E.  T.  Street,  H.  Goodwin,  Jr.,  W.  A.  Carter 
and  B.  Price. 

A  general  discussion  of  experience  with  systems,  grounded  and  un- 
grounded.  Very  complete  descrii>tion  of  the  Victoria  Falls  and  Transvaal 
Power  Company.  Ltd..  and  the  R.ind  Mines  Power  Supply  Co..  Ltd. 


THE   RESTORATION   OF 


AFTER   A   NECESSARY  INTERRUPTION 
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A  general  discussioi 
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MKGGKR  AND  OTHER  TESTS  ON  SUSPENSION  INSULATORS 
r.  I..  M«nt  Vol.  zxxT— 191f,  pp.  TM-TM 

This  paper  jjivos  (ho  results  of  megger  tests  made  on  disk  insulators  on 
a  i\«>.iHH>  volt  transmission  line  in  Massachusetts  after  2.5  years  operation. 
The  pt  twntaiijo  of  failures  in  different  positions  in  the  string  is  given  on 
^^^t^>  Mt.on  anvl  suspension  towers.  The  actual  cost  of  making  these 
'. ovtv  \\i\vUi  JttVerent  conditions  of  weather  and  of  service  requirements 
.V  v^v.r  pet  n\sulator  on  the  line,  per  bad  insulator  and  per  tower. 

.''.v.  », NN».»»»  ini'orp(;rated  with  that  of  paper  by  R.  H.  Marvin,  on  **A 
\v\\   Mvthovl  of  (trading  Suspension  Insulators". 

\HK\^MY   OK  PARALLEL  GROUNDED  WIRES  AND  PRODUCTION  OF  HIGH 

FREQUENCIES  IN  TRANSMISSION  LINES 
>    >    f   virighlon  Vol.  XXXV— If  If ,  pp.  84f-MS 

\m  \m\  r.li^jation  of  the  value  of  the  overhead  grounded  wire  as  used 
^  iu:l\Muti^  protection,  mechanical  support  for  towers,  and  a  test  circuit. 
;  l\o  I nm  lions  of  the  grounded  wire  are  subdivided  into  four  categories; 
.'.\  ,t.  the  vertical  grounded  wire;  second,  the  lightning  rod  extending  above 
^\\^  ^Mnund;  thirrl,  the  electrostatic  induction  in  the  horizontally  situated 
>\n«'.,  and  fourth,  electromagnetic  induction.  The  several  factors  de- 
i.imimii^^  tlic  protective  value  of  a  ground  wire  are  fully  investigated. 
I\nnii<>iis  expressing  the  protection  of  various  arrangements  of  vertical 
hmI  p.irallel  grounded  wires  are  develo])ed. 

IU\i  ussion,  pages  889-893,  by  Messrs,  H.  S.  Osborne,  N.  S.  Diamant, 
I     li.  Taylor,  j.   B.   Whitehead,    L.  W.  Chubb  and  E.  E.  F.  Creighton. 
A  ijciuTal  discussion. 

I  KSTING   FOR   DEFECTIVE  INSULATORS  ON   HIGH-TENSION    TRANSMISSION 

LINES 
It.  (i.  Flaherty  Vol.  xxxv-1916,  pp.  lOff-llOf 

A  (lis(  iission  (»f  the  iniporlaiice  and  necessity  (^f  field  tests  on  high- 
iciisioTi  insulators  and  tlircc  mclhods  of  making  such  tests,  viz;  with  the 
'> -»  illatnr,  tli<'  mc)^')^('r,  and  the  telephone  receiver.  The  latter  is  described 
in  detail  and  some  <lata  given  on  its  develpment  and  use  on  a  60,000- 
\  nit -line.  Laboratory  checks  on  defective  insulators  arc  given.  Figures 
o|  (ost  for  locating  and  replacing  defective  units  are  given.  A  method 
< 't   stn(l>ing  rate  of  depreciation  is  outlined. 

Pis(  ussiofi,  j)agcs  1110-1129,  by  Messrs.  H.  J.  Ryan,  L.  T.  Mervvin, 
\l.  ;\.  j.ocw.  |.  B.  Taylor,  C.  E.  Magnusson,  M.  T.  Crawford,  W.  D. 
Tcaslcc.  R.  \V.  Pope,  (\  !>.  Osborne.  O.  Harding,  B.  G.  Flaherty,  S.  C. 
Lin<lsa\,  j.   I',  jollynian.    |.   Mini,  jr.,  and  E.  E.  Creighton. 

Achantaj^'cs  ami  disadvantages  of  various  methods  of  detecting  and 
lestmg  faulty  insulators,  (piestion  of  removal,  oil  impregnation  of  porous 
insulators,  \alue  of  grounded   neutral,  etc. 

AN   ARTIFICIAL  TRANSMISSION    LINE    WITH  ADJUSTABLE  LINE  CONSTANTS 
C.  Edward  Magnusson  and  S.  R.  Burbank  Vol.  xxxv — 1916,  pp.  1137*1149 

;\  desi  rii)tion  of  an  artificial  transmission  line  which  can  be  readily 
a(/justi(l  to  represent  '200  miles  (.'V21.8t)  km.)  of  commerical  transmission 
/jiics  of  anv  s]>acin^  up  Vo  a  uvawuwuw  o\  ViQ  \tv.  (3  m.)  and  of  any  size 


\ 
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wire  up  to  4,0  copper.  It  can  also  be  made  to  correspond  to  aerial  or 
cable  telephone  lines  and  to  power  cables.  The  use  of  this  line  is  illus- 
trated by  a  number  of  typical  experiments. 

Discussion,  pages  1150-1153,  by  Messrs.  L.  J.  Corbett.  W.  D.  Peaslee, 
J.  D.  Ross,  S.  R.  Burbank,  C.  A.  Whipple  and  C.  E.  Magnusson. 

A  general  discussion  of  the  value  of  artificial  transmission  lines. 

STEEL  CONDUCTORS  FOR  TRANSMISSION  LINES 
H.  B.  Dwight  Vol.  xxxv— 1916.  pp.  12S7-12S0 

This  paper  states  that  steel  cables  will  not  generally  be  economical  on 
main  transmission  lines,e.\cept  for  long  ^pans.  and  for  high  altitudes  where 
corona  is  excessive.  They  may  be  advisable  as  l)arc  conductors  lor  d-c. 
railway  feeders.  They  deteriorate  more  rapidly  than  co])pcr  condiu:tors 
and  have  very  low  scrap  value.  Steel  cables  for  alternating  current  should 
be  finely  stranded  and  different  groujjs  of  wires  should  be  spiraled  in 
opposite  drections.  Medium  grades  of  steel  give  better  results  with 
alternating  currents  than  high  {)riced  grades.  There  is  an  of)ening  for 
the  profital)le  use  nf  steel  cables  on  branch  lines  of  power  systems  of 
all  voltages. 

Discussion,  pages  1251-r2oS,  l>y  .Messrs.  R.  E.  Doane,  T.  H.  Worcester. 
D.  B.  Rushmore,  vS.  C  Coey,  W.  T.  Snyder  an<l  H.  B.  Dwight. 

A  genenil  discussion. 

14.  ELECTRIC  SERVICE  DISTURBANCES  AND 

PROTECTION 

OUTLINE  OF  THEORY  OF  IMPULSE  CURRENTS 
C.  P.  Steinmetz  Vol.  xxxv— 1916,  pp.  1-20 

In  Pari  I  it  is  shown  how,  from  the  integral  of  the  general  differential 
efpiation  of  the  electric  circuit,  which  has  been  discussed  in  a  previous 
j)aper,  all  types  of  clettric  currcTilK  are  derived  as  special  cases,  corres- 
ponding tc  particular  values  of  the  integration  constants. 

In  Part  11  an  outhne  of  the  theor\'  of  impulse  curn-nts  is  given.  Tlie\' 
comprise  two  elapses,  llie  non-j)eriodic-  and  the  periodic.  The  equations 
of  botli  are  given  in  different  form.  1»\'  e\poii<-iit  ial  and  bv  hvperbolie  or 
t  rigononietrii;    funet  i«  »n>. 

A  \v\y  >}>eeial  eases  are  distussed. 

Pis(  N^^ion,  page-  "JO-.'il.  I»y  Messrs.  ('.  P.  Steinnietz,  M.  I.  Pu])in, 
11.   Pender,   11.   Lippelt  and  A.   E .   Kenncdlv. 

A  tli>eu<sion  of  the  advantages  of  the  synthetii;  and  analytic  methods 
ui  stiidymg  engineering  I)henoinena.  .\  de\'eIopinent  of  the  s()eeial  eases 
under  impulse  currerits  of  the  eirenit  having  «apacit\'  m  series. 

CREST   VOLTMETERS 
C.  H.  Sharp  and  E.  D.  Doyle  Vol.    xxxv      1916,    pp.    99-107 

The  pajii'r  shows  how  a  voltmeter  wliK'h  will  read  <i  irc-«.-tl  v  tlie  maximum 
or  erest  \alues  obtanu'd  m  hi.i^h- \'ohage  testing  ma>'  be  e<>nsliiuted  bv  a 
eombmation  of  an  eleetrostatu  voltmeter  and  an  electric  \-al\'e.     1  )iav!.rau\s> 
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mOH-VOLTAOB  D-C.  RAILWAY  PRACTISE 
Clarence  Rentluiw  Vol.  zxxr — If  If .  pp.  S47-Sf0 

This  paper  deals  with  the  fundamental  differences  in  apparatus  for 
1200  or  1500  volts  as  compared  with  former  600-volt  standards.  It  points 
out  the  tendency  to  use  higher  d-c.  voltages  with  the  multiplicity  of  volt- 
ages slightly  differing  such  as  2400,  3000,  3600,  4200,  etc.  It  recommends 
in  order  to  avoid  confusion,  the  establishment  at  once  of  a  standard  high 
voltage.  It  is  shown  that  final  voltage  standards  are  usually  fixed  by 
economic  standards  rather  than  physical  limitations  and  5000  volts  is 
suggested  as  very  satisfactory.  The  5000- volt  line  at  Jackson,  Michigan, 
is  briefly  described. 

Discussion,  pages  361  and  383,  l)y  Messrs.  F.  J.  Sprague,  W.  J.  Davis, 
Jr.,  W.  B.  Potter.  Calvert  Townley,  S.  I.  Oesterreicher,  B.  F.  Wood, 
E.  V.  Pannell,  A.  H.  Armstrong,  S.  Haar,  C.  Schwartz.  N.  W.  Storer  and 
C.  Renshaw. 

A  detailed  presentation  of  the  arguments  for  and  against  the  adoption 
of  higher  d-c.  voltages  and  standardization. 

18.  LIGHTING  AND  LAMPS 

ILLUMINATION  OF  THE  PANAMA-PACIFIC  INTERNATIONAL  EXPOSITION 
W.  D'A.  Ryan  Vol.  zxxr— 191f ,  pp.  7f7.78S 

This  paper  describes  the  system  of  lighting  adopted  for  the  P-P.  I.  E., 
which  was  generally  conceded  to  have  initiated  a  new  era  in  the  art  of  il- 
lumination. From  a  narrow  engineering  point  of  view  the  lighting  would 
have  been  regarded  as  ineflficient,  but  the  object  striven  for  was  to  sup- 
press high  intrinsic  brilliancy,  while  bringing  out  the  architectural  beauties 
of  the  exposition  structures  in  the  most  effective  manner. 

No  discussion. 


20.  MISCELLANEOUS  APPLICATIONS  OF  ELECTRICITY 

THE  TRUE  NATURE  OF  SPEECH 
J.  B.  Flowers  Vol.  zzzv— 191f,  pp.  SlS-SSl 

A  proof  that  speech  is  a  rapid  variation  in  the  intensity  of  the  voice  and 
mouth  tones  according  to  definite  sound  patterns  called  letters  of  the 
alphabet.  Photographs  are  taken  with  aid  of  string-galvanometer  of  each 
letter  of  the  alphabet.  From  the  curve  the  phonographic  alphabet  is 
obtained  by  measuring  the  variations  in  intensity  of  the  main  tone  of  the 
record. 

A  design  for  a  voice-operated  phonographic  alphabet  writing  machine  is 
described. 

Discussion,  pages  232-248,  by  Messrs.  H.  B.  Williams,  L.  T.  Robinson, 
A.  C.  Crehore,  W.  Maver,  Jr.,  W.  J.  Hammer,  L.  W.  Chubb,  C.  A.  Adams, 
J.  B.  Taylor  and  J.  B.  Flowers. 

A  general  discussion  including  the  development  of  the  theory  of  the 
string  galvanometer. 
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SLSCTRIC  DRIVE  FOR  RBVBRSINO  ROLUNG  MILLS 
Wilfr«d  Syket  and  David  HaU  Vol.  zxxr— 1916,  pp.  fOl-ClS 

This  paper  answers  some  of  the  questions  which  have  arisen  in  the  rapid 
displacement  of  steam  drive  by  electric  drive  for  reversing  rolling  mills, 
and  describes  the  constructions  which  have  been  found  desirable. 

Discussion^  pages  520-537,  by  Messrs.  K.  A.  Pauly,  E.  S.  JeflFries,  D.  M. 
Petty,  R.  Tschentscher,  H.  D.  James.  F.  G.  Liljenroth,  B.  Wiley,  H.  S. 
Page,  P.  Lindemann,  A.  Gray  and  W.  Sykes. 

A  discussion  of  the  relative  merit  of  steam  and  electric  drive  for  revers- 
ing mills.  Statistics  of  installation  at  Steel  Company  of  Canada.  Com- 
parison of  European  and  American  practise. 

MOTOR  EQUIPMENTS  FOR  THE  RECOVERY  OF  PETROLEUM 
W.  G.  Taylor  Vol.  zxxr— If  16,  pp.  Uf-CfS 

This  paper  presents  data  covering  the  horse  power  requirements  and 
kilowatt-hour  consumption  for  the  various  operations  in  drilling  and 
maintaining  producing  oil  wells.  The  use  of  the  slip-ring  induction 
motor  for  drilling,  pumping  and  cleaning  wells.  Special  controllers  and 
resistance.  Pumping,  cleaning  and  "pulling"  rods  by  a  Y-dclta  or  two- 
speed  machine. 

Discussion,  pages  553-554,  by  Messrs.  F.  Woodbury  and  A.  M.  Dudley. 

General  discussion. 

SOME  FEATURES  OF  DOMESTIC  ELECTRIC  COOKING  AND  HEATING 
H.  B.  Peirce  Vol.  zzxr— If  16.  pp.  1001-1011 

From  tests  made  on  a  number  of  domestic  cooking  and  heating  instal- 
lations, it  would  appear  that  electric  cooking  has  a  better  load  factor 
than  a  lighting  load  and  that  this  factor  improves  as  the  number  of  ranges 
increases.  The  errors  incident  to  these  tests  are  discussed.  Sugges- 
tions are  made  for  checking  these  results  by  others.  In  the  heating 
field,  the  effect  of  water  heaters  superimposed  on  range  loads  is  discussed 
in  relation  to  their  effect  on  the  central  station  loads  and  income. 

Discussion^  pages  1012-1015,  by  Messrs.  J.  B.  Fiskcn,  C.  E.  Magnusson, 
W.  D.  Peaslee,  L.  F.  Curtis,  R.  W.  Pope,  E.  R.  Perr\',  H.  F.  Holland  and 
H.  J.  GiUe. 

A  general  discussion. 

21.  TELEPHONY  AND  TELEGRAPHY 

INDUCTIVE  INTERFERENCE  AS  A  PRACTICAL  PROBLEM 
A.  H.  Griswold  and  R.  W.  MasHck  Vol.  zxxr— If  16,  pp.  1091-1087 

A  review  of  the  factors  which  affect  inductive  interference  in  telephone 
circuits  from  high-voltage  power  transmission  circuits,  a  presentation 
of  practical  considerations  regarding  the  reduction  of  interference,  and 
description  of  actual  cases  of  the  af)plication  of  these  means  of  reduction. 
Balanced  and  residual  voltages  and  currents,  wave  shapes  of  voltages  and 
currents,  transposition  schemes,  three  particular  cases  of  parallels. 

Di  cushion,  pages  1088-1094,  by  Messrs.  F.  Bedell,  L.  T.  Merwin, 
J.  B.  Fisken  W.  D.  Peaslee,  R.  F.  Robin.*;on,  L.  J.  Corbett,  C.  A.  Whipple 
and  R.  W.  Mastick. 
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particularly  in  the  design  and  installation  of  the  first  system  ill  the 
smaller  cities. 

Discussion,  pages  1223-1235,  by  Messrs.  T.  E.  Tynes,  A.  F.  Hovey, 
F.  D.  Egan,  S.  C.  Coey,  C.  A.  Menk,  H.  B.  Gear,  B.  G.  Beck,  B.  W.  Gil- 
son,  L.  Hommel,  G.  T.  Street  and  F.  H.  Woodhull. 

A  discussion  of  the  advantages  of  single  conductor,  three-phase  cables, 
type  of  insulation,  location  and  size  of  manholes,  ventilation  of  ducts, 
fireproofing  cables  and  joints,  etc. 

» 

THE  POWER  COMPANY'S  PROBLEM  IN  THE  ELECTRIC  SUPPLY  FOR  LARGE 

SINGLE-PHASE  LOAD 
W.  C.  L.  Eclin  Vol.  zxxt— If  If ,  pp.  ISSf-lSft 

The  power  company  must  be  able  to  supply  energy  of  uniform  pressure, 
single-phase,  two-phase  or  three-phase,  at  whatever  voltage  best  suits 
customer.  These  conditions  best  met  by  polyphase  units.  When  demand 
for  single-phase  current  is  heavy  enough  to  produce  unbalance,  some 
means  of  balancing  must  be  provided.  Three  methods  are  discussed 
Correction  for  power  factor  on  each  individual  large  consumer's  line  is 
suggested. 

Discussion  incorporated  with  that  of  paper  by  Philip  Torchio  on  "Sup- 
ply of  Single- Phase  Loads  from  Central  Stations. 


»» 


SUPPLY  OF  SINGLE-PHASE  LOADS  FROM  CENTRAL  STATIONS 
Philip  Torchio  Vol.  zxxr— If  If ,  pp.  Itf  S-lSOl 

American  central  stations  have  extensively  adopted  single-phase 
distribution  from  polyphase  stations.  Individual  regulators  employed. 
Generators  with  good  single-phase  characteristics  or  in  certain  cases 
generators  with  kilovolt  ampere  rating  in  excess  of  kilowatt  capacity  of 
steam  unit  are  employed.  Customers  assist  balancing  by  dividing  load 
between  phases.  Question  of  power  supply  to  N.  Y.,  N.  H.  &  H.  R.  R. 
discussed.    Equipment  described. 

Discussion,  {including  that  of  paper  by  W.C.L.  Eglin),  pages  1302-1313, 
by  Messrs.  W.  S.  Murray,  P.  Junkersfeld,  D.  B.  Rushmore,  L.  E.  Imlay, 
H.  R.  Summerhayes,  N.  W.  Storcr,  E.  H.  Martindale,  E.  F.  W.  Alexander- 
son,  J.  L.  Harper,  H.  W.  Buck,  J.  E.  Kershner,  C.  F.  Scott,  W.  C.  L.  Eglin, 
P.  Torchio,  F.  Osgood  and  C.  F.  Harding, 

General  discussion. 

SINGLE-PHASE  POWER  PRODUCTION 
E.  F.  W.  Alezanderson  and  G.  H.  Hill  Vol.  xxxv— If  If,  pp.  lSlf-lSS7 

The  general  tendency  of  electric  power  supply  is  toward  centralization 
of  stations  and  to  be  consistent  stations  must  be  standardized.  From  this 
standpoint  single-phase  power  can  best  be  supplied  from  polyphase 
systems.    Operation  and  theory  of  phase  converters  discussed. 

Discussion  incorporated  with  that  of  paper  by  Oilman  and  Fortescue 
on  *' Single- Phase  Power  Service  from  Central  Stations." 

SINGLE-PHASE  POWER  SERVICE  FROM  CENTRAL  STATIONS 
R.  E.  Gilman  and  C.  L.  Fortescue  Vol.  zxxy — If  If ,  pp.  lStf-lS47 

An  outline  of  several  methods  by  which  single-phase  power  may  be 
supplied  from  a  polyphase  system  with  advantages  and  disadvantages. 
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Unbalance  in  voltage  when  single-phase  power  is  supplied  direct  from 
polyphase  circuit  explained.  Law  of  distribution  of  load  in  polyphase 
system  deduced.  Outline  of  theory  of  single-phase  generator  given. 
Essential  requirements  for  phase  balancing,  requirements  for  control 
apparatus,  behavior  of  balancer  under  short  circuit. 

Discussion,  (including  that  of  paper  by  Alexanderson  and  Hill),  pages 
1348-1368,  by  Messrs.  R.  E.  Doherty,  H.  G.  Reist,  H.  L.  Wallau,  H.  R. 
Summerhayes,  R.  E.  Oilman,  W.  C.  L.  Eglin,  B.  A.  Behrend,  C.  A. 
Adams,  D.  W.  Roper,  O.  H.  Hill,  P.  Torchio,  P.  Junkersfeld,  C.  F.  Scott, 
H.  C.  Albright,  E.  F.  W.  Alexanderson,  and  C.  L.  Fortescue. 

A  general  discussion  of  the  advantages  of  various  methods  of  single- 
phase  generation  and  operation  with  some  facts  relative  to  comparative 
costs. 

16.  CONTROL,  REGULATION  AND  SWITCHING 

THE  LIQUID  RHEOSTAT  IN  LOCOMOTIVE  SERVICE 
A.  J.  Hall  Vol.  zxxy— If  16,  pp.  167-171 

A  description  of  the  liquid  rheostat  in  locomotive  service  giving  in  de- 
tail the  arrangement  of  the  mechanical  parts  and  means  of  controlling  it. 

Discussion,  pages  172-173,  by  Messrs.  C.  D.  Knight  and  R.  E. 
Hellmund. 

A  discussion  mainly  of  the  liquid  rheostat  used  in  mine-hoist  service. 

REPORT  OF  THE  TRANSMISSION  COMMITTEE 
Percy  H.  Thomas*  Chairman  Vol.  zxxr — If  16,  pp.  iSe-ffS 

I.  Data  from  Operating  Plants  on  the  Effect  of  Altitude  on  the  Oper- 
ating Temperature  Rise  of  Electrical  Apparatus. 

II.  Experience  with  Grounded  Neutral  on  High-Tension  Transmis- 
sion Lines. 

Discussion,  pages  584-597,  by  Messrs.  N.  A.  Carle,  M.  O.  Troy,  P. 
Junkersfeld,  E.  E.  F.  Creighton,  D.  B.  Rushmore,  J.  T.  Lawson,  J.  B. 
Taylor,  P.  H.  Chase,  H.  R.  Woodrow,  E.  C.  Stone,  F.  L.  Hunt,  L.  N. 
Crichton,  R.  F.  Schuchardt,  E.  T.  Street,  H.  Goodwin,  Jr.,  W.  A.  Carter 
and  B.  Price.  • 

A  general  discussion  of  experience  with  systems,  grounded  and  un- 
grounded. Very  complete  description  of  the  Victoria  Falls  and  Transvaal 
Power  Company,  Ltd.,  and  the  Rand  Mines  Power  Supply  Co.,  Ltd. 

THE  POWER  COMPANY'S  PROBLEM  IN  THE  ELECTRIC  SUPPLY  FOR  LARGE 

SINGLE-PHASE  LOAD 
W.  C.  L.  Eglin  Vol.  zzzv— If  16,  pp.  lS86-lSfS 

The  power  company  must  be  able  to  supply  energy  of  uniform  pressure, 
single-phase,  two-phase  or  three-phase,  at  whatever  voltage  best  suits 
customer.  These  conditions  best  met  by  polyphase  units.  When  de- 
mand for  single-phase  current  is  heavy  enough  to  produce  unbalance, 
some  means  of  balancing  must  be  provided.  Three  methods  are  dis- 
cussed. Correction  for  power  factor  on  each  individual  large  consumer's 
line  is  suggested. 

Discussion  incorporated  with  that  of  paper  by  Philip  Torchio  on  "Sup- 
ply of  Single- Phase  Loads  from  Central  Stations." 


loaJ 
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n  of  the  stress  in  deletmining  the  msgnilude  of  yi^  voltage  neces- 

ty  tc  puncture  an  insulator  are  dtsi-iissei3.   The  importance  of  the  elinun- 

oles  and   defects  in   porcelain  is  shown.     Some  essential 

iccessful  line  insulator  are  stated. 

F  niscuainn.  [jages  U95-1205.  hy  Messrs.  J.  B.  Pi^iken.  W.   D.  Peaalw. 

-  Howe».  L,  T.   Merwin.  H.  J.  Rvan.   R.  W,   Maslick,  R.   M.  Boykin, 

^.  A.  Miller  and  E.  E.  F.  Creighton. 

A  general  discussion  including  txperience*.  of  certain  [lowi 
f  lines. 

This  pa|jcr  slates  that  sleel  caUe^  will  not  gentrally  be  L-conomical  on 
I's.  except  fur  lon^  spans,  and  for  high  altitudes 
where  euruna  is  excessive.  They  may  be  advisable  as  bare  conductors 
for  d-e.  railway  feeders.  They  deteriorate  more  rapidly  than  copper 
conductors  and  have  very  low  scrap  value.  Sleel  cables  for  alternating 
current  should  tie  finely  stranded  and  different  groups  of  wire  should  be 
spiraled  in  opposite  directions.  Medium  grades  of  steel  give  better 
results  with  alternating  currents  Ihan  high  priced  grade.-i.  There  is  an 
upening  ftir  the  profitahle  use  of  steel  cables  on  branch  lines  of  power 
systems  of  all  voltages. 

Diituisiott.  pages  12S1-1258,  by  Mesjirs.  R.  E.  Doane.  T.  H.  Worcester, 
D.  B.  Rushmore,  S.  C-  Coev,  W.  T.  Snvder  :.nd  H.  B.  Dwight. 
A  geiKTul  discus.sion 

16.  DISTRIBUTION  SYSTEMS 

REPORT  OP  THE  TRANSMISSIOK  COUHITTEE 

I.  Data  irom  Opi-rating  Plants  on  the  Effect  of  Allitudf  on  the 
Uperating  Temperature  Rise  of  Elettrital  Apjiaralus. 

II.  Experience   with   Grounded   Neutral  on   High-Tension  Transmis- 

Diifussion.  pages  584-5S7.  by  Messrs.  N.  A.  Carle.  M.  O.  Troy.  P. 
Junkerfel,!.  E.  E,  F,  Creightyn.  D.  B-  Rushmore,  J.  T.  Lawson.  J.  B. 
Taylor.  P,  H.  Chasu.  H.  R.  Woodrow.  E.  C.  Stone.  F.  L.  Hunt.  L.  N. 
Cnihton.  R.  F.  Sthuchanll.  E.  T.  Sireet.  H.  Goodwin.  Jr..  W.  A.  Carter 
and  B,  Price. 

.\  Kcnir;il  diMUssiun  nf  cxiiirienie  with  systems,  grounded  and  un- 
urounded.  Very  . rjiiipleie  d^-^iripiioii  of  the  Victoria  Palls  andTraosvaal 
l'..wcr  C'.mp^iny.  I,|.|..  ;iii>i  Uk   Rand  Mines  Power  Supply  Co..  Ltd. 


;  the  lust  few  years  in  the  electrical 
thi-  marked  advances  in  the  methods 
as  III  any  other  cause.      Attention  is 

•  "i  vi^vAi  «i  \a.x  \ia.ve  been  and  will 
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Unbalance  in  voltage  when  single-phase  power  is  supplied  direct  from 
polyphase  circuit  explained.  Law  of  distribution  of  load  in  polyphase 
system  deduced.  Outline  of  theory  of  single-phase  generator  given. 
Essential  requirements  for  phase  balancing,  requirements  for  control 
apparatus,  behavior  of  balancer  under  short  circuit. 

Discussion,  (including  that  of  paper  by  Alexanderson  and  Hill),  pages 
1348-1368,  by  Messrs.  R.  E.  Doherty,  H.  G.  Reist,  H.  L.  Wallau,  H.  R. 
Summerhayes,  R.  E.  Oilman,  W.  C.  L.  Eglin,  B.  A.  Behrend,  C.  A. 
Adams,  D.  W.  Roper,  G.  H.  Hill,  P.  Torchio,  P.  Junkersfeld,  C.  P.  Scott, 
H.  C.  Albright,  E.  F.  W.  Alexanderson,  and  C.  L.  Fortescue. 

A  general  discussion  of  the  advantages  of  various  methods  of  single- 
phase  generation  and  operation  with  some  facts  relative  to  comparative 
costs. 

16.  CONTROL,  REGULATION  AND  SWITCHING 

THE  LIQUID  RHEOSTAT  IN  LOCOMOTIVE  SERVICE 
A.  J.  Hall  Vol.  zxxy~1916,  pp.  If7-171 

A  description  of  the  liquid  rheostat  in  locomotive  service  giving  in  de- 
tail the  arrangement  of  the  mechanical  parts  and  means  of  controlling  it. 

Discussion,  pages  172-173,  by  Messrs.  C.  D.  Knight  and  R.  E. 
Hellmund. 

A  discussion  mainly  of  the  liquid  rheostat  used  in  mine-hoist  service. 

REPORT  OF  THE  TRANSMISSION  COMMITTEE 
Percy  H.  Thomas,  Chairman  Vol.  zxxy — If  16,  pp.  fM-MS 

I.  Data  from  Operating  Plants  on  the  Effect  of  Altitude  on  the  Oper- 
ating Temperature  Rise  of  Electrical  Apparatus. 

II.  Experience  with  Grounded  Neutral  on  High-Tension  Transmis- 
sion Lines. 

Discussion,  pages  584-597,  by  Messrs.  N.  A.  Carle,  M.  O.  Troy,  P. 
Junkersfeld,  E.  E.  F.  Creighton,  D.  B.  Rushmore,  J.  T.  Lawson,  J.  B. 
Taylor,  P.  H.  Chase,  H.  R.  Woodrow,  E.  C.  Stone,  F.  L.  Hunt,  L.  N. 
Crichton,  R.  F.  Schuchardt,  E.  T.  Street,  H.  Goodwin,  Jr.,  W.  A.  Carter 
and  B.  Price.  • 

A  general  discussion  of  experience  with  systems,  grounded  and  un- 
grounded. Very  complete  description  of  the  Victoria  Falls  and  Transvaal 
Power  Company,  Ltd.,  and  the  Rand  Mines  Power  Supply  Co.,  Ltd. 

THE  POWER  COMPANY'S  PROBLEM  IN  THE  ELECTRIC  SUPPLY  FOR  LARGE 

SINGLE-PHASE  LOAD 
W.  C.  L.  Eglin  Vol.  zzzv— If  16,  pp.  lS8f-lMt 

The  power  company  must  be  able  to  supply  energy  of  uniform  pressure, 
single-phase,  two-phase  or  three-phase,  at  whatever  voltage  best  suits 
customer.  These  conditions  best  met  by  polyphase  units.  When  de- 
mand for  single-phase  current  is  heavy  enough  to  produce  unbalance, 
some  means  of  balancing  must  be  provided.  Three  methods  are  dis- 
cussed. Correction  for  power  factor  on  each  individual  large  consumer's 
line  is  suggested. 

Discussion  incorporated  with  that  of  paper  by  Philip  Torchio  on  "Sup- 
ply of  Single- Phase  Loads  from  Central  Stations." 
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■,ar'i'  »iafl  .    iri    ffi'    'U-..WU   ari'l    installation   oi  ir.*:   frr^i   sv^jtm  m   ibt 

»  f  wit  ^ 

/Jiif  ui:ion,   \3iti(t:-.    \22'4\2'4'f,  ^f-y   M'rv-r^.   T.   E.  Tynes,  A,  F.  HoTnej. 
i'    />    h;/;w.,  ',.  r    ro^y.  f'.  A    M'rr.V-,  H.  B.  Gtar,  B.  G.  B«!c.  B.  W.  G£:- 

',/.    1.    lior/.rf.'-l.  G.   I    Stn-':t  ar.-f  F.  H.  W^x^hull. 

/'.  'ji.-.'  ic.:iori  of  rh«  a'ivar.va^e^  of  single  conductor,  three-phase  cab2e^. 
•  ,  {.»    '/f  ifi  .jlaMon,  '.'/'.af.or.  anrf   s:z^  of  manholes,   ventilatiori  of  dnCL*. 


f  /••  •/■,-•-. 


ar.'. 


fHJ>   POWER   COMPAIfY'S   PROBLEM  III  THE  ELECTRIC  SUPPLY  FOR  LARGE 

SINGLE-PHASE  LOAD 
W    r.    L    EcJin  VoL  zxzr— Itli,  p^ 


I  ;  <  ;.o /.«:.-  '  oj:.;yar.y  rr.-:  .*.  o*-  a'/>-  to  -uj^ply  energy  of  uniform  pressure, 
::.^/!«  ;/:.;i  >  .  •.•Ao-;>ha-.>:  or  •.hr'r<:-pha>.e,  at  whatever  %'oltage  best  suit* 
'  J  ♦o.'.'.'rr  ''  r.'-v'-  ' ' ,T.f\'.\v tr. '  V.-h:  n-.*.-*.  by  ;>r^Iy[>hase  units.  Wh€m  demand 
f',r  :r.^*.'  ;/r.a  '-  '.irr'-r,*.  >  h*_'avy  enough  to  j>roduce  unbalance,  some 
r.'.'  ar.  of  oaiari'  ir.j^j  rr.j  *.  /*.'  ;^rovyi'.-'^i.  Thn.'f:  methods  are  discussed 
^.',rri-  W'j:.  UiT  ;/'/v. ^-r  fa' tor  or;  *a' h  :r.«^iividual  large  consumer's  line  :^ 

/Ji:ru::ion  it.'  f>r]j'*Th'.*:'i  a:*?,  'ha*,  of  paper  by  Philip  Torchio  on  "Sup- 
'/.:  of  ■-:r.;^«-f'h.'j  .'-  Loa'^i  -  frorr.  r"*-ntrai  Stations." 

SUPPLY  OP  SIflGLE-PHASE  LOADS  FROM   CENTRAL  STATIONS 
Philip  Torchio  Vol.  zxzr— IflC,  p^  ISM-lMl 

.\r.'.' r;' ;«?.     -  '  :.'.r-i'.       •■i':or,       ?.a/*-     'x'.cn-ively     adopte^i     single-pha>e 

J;  'r:-    :':or.    frorr.    j^oi  .  ;/r,.'i  '    ■•;iM''r. -.      Indi vi^iual   regulators  employed. 

^ /' r.'r-i'''r      v.:*?     ;^oo'!      ir-vo'-pra-'-    '  r.rira' t'.-n-ti'>    or    in    certain    cases 

;"  r,«  r.i'or     v.!'},   >:!'-vo;'   ;iT.'.;>*r'    r-'i'in;^  :n  <-Xf:*--s  of  kilowatt  capacity  of 

*'h'::   •;:.:'   ;•  r'    '  rr.pl'r,'-'! .     T'l  "y.rr.'r-  a— !-t    r^alancnng  by  dividing  load 

.''••.'■':.   ;/'.;i  '•   .     'J']'-  Mor.  of  powr  -upf^ly  to  .\.   V..   .\.   H.   &'  H.  R.  R. 

'!;/':     '0       fvoT,  j/'/.'-n  •  '\<-  '  r\''>*-fl . 

/>i-^  u     ton ,   lu-  ]".'\]j<.y  \h:r  of  ;>.'tO'r  oy  W.  (J.  L,  Eglin',  pages  l.*i<)2-1313. 

.      M'      :      V:     -     M'lrr;,  ,  .  P    Jml-'  r  f'i^l,  J;    H.  Rushmon.-,  L.  E.  Imlay, 

n.  P       •:•:•,..  r:. a;.'    .  N    U'    -rorrr.  E    W.  Martindalc.  E.  F.  W.  Alexander- 

'.?,,  I    I.    M;.r;,'r,  M    W.  Ml-  l.  J.  H.  K'T^hrHT.  C.  F.  Scott,  W.C.  L.  Eglin, 

I'   'I '.r-  •  1'.,  I'".  ' )  ;^o<y']  aii'M   .  }'.  nar']:n;^o 

'';••.'  r. I !  'i ;   '  i;      I'^fi . 

SIN(.LK-PHASE   POWER    PRODUCTION 
K    f    W.  Al'-xand»:rson  and  r,.   FI.  Hill  Vol.   xxxv— 1916,   pp.    1319-1317 

I  ii'    /•  :.<  :a!  '<  ti'i'  U'  .   '.f  r-lr-*  tr;-    ;,'<v,<t   -iipply  i>  trnvar<^l  cenlralizalion 

'■!     '.)';'.!)    ;ir,'l  o,i,f   r,,ri   ".tent   •  far  ;',n  -  :mi'-t.  be  standardized.     From  thi^^ 

•  ari'ijj'.ii. '      iti;'!'-  ]>]\u  '     ;<'.v.'t    'aii    ■•♦•■'     'k-    -•.u[)plied    from    polyphase 

.    On,        (  )],<  T.iU'  'U  ;ii)'l  t  l.'or;.-  '<f  pli.a -<•  (  on  vertrrs  discusse<l. 

Jh.iu     ion   Hi' '.rp'.raOf]   v.iTr,   that   of  j^aper  l»y  Ciilman  an<l   Fortescue 

')]i   "'.■]]iy\>-  I'lia   '•   l'"v. '  r    S<t\1' '■  from  ('(.'ntral   Stations." 

SINGLE-PHASE   POWER    SERVICE   FROM   CENTRAL  STATIONS 
R.  E.  Gilinan  and  C.  L.  Fortr-scue  Vol.  xxxv — ltl6,  pp.  1SM-1S47 

All   oijflni*    '.(     '-.Mai    ni«tli'/d-   by   which   single-phase  power  may  be 
ii}ij>U((l   from  a    ji'ply^)V.a  »•  -y  ^c^\  \\\vVi  a^XvawV^^^s  and  disadvantages. 
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Unbalance  in  voltage  when  single-phase  power  is  supplied  direct  from 
polyphase  circuit  explained.  Law  of  distribution  of  load  in  polyphase 
system  deduced.  Outline  of  theory  of  single-phase  generator  given. 
Essential  requirements  for  phase  balancing,  requirements  for  control 
apparatus,  behavior  of  balancer  under  short  circuit. 

Discussion,  (including  that  of  paper  by  Alexanderson  and  Hill),  pages 
1348-1368,  by  Messrs.  R.  E.  Doherty.  H.  G.  Reist,  H.  L.  VVallau,  H.  R. 
Summerhayes,  R.  E.  Oilman,  W.  C.  L.  Eglin,  B.  A.  Behrend,  C.  A. 
Adams,  D.  W.  Roper,  G.  H.  Hill.  P.  Torchio,  P.  Junkersfeld,  C.  F.  Scott, 
H.  C.  Albright,  E.  F.  W.  Alexanderson,  and  C.  L.  Fortescue. 

A  general  discussion  of  the  advantages  of  various  methods  of  single- 
phase  generation  and  operation  with  some  facts  relative  to  comparative 
costs. 

16.  CONTROL,  REGULATION  AND  SWITCHING 

THE  LIQUID  RHEOSTAT  IN  LOCOMOTIVE  SERVICE 
A.  J.  Hall  Vol.  XXXV  -1916,  pp.  167-171 

A  descri[)tion  of  the  liquid  rheostat  in  loc<jmotive  service  giving  in  de- 
tail the  arrangement  of  the  mechanical  parts  and  means  of  controlling  it. 

Discussion,  pages  172-173,  by  Messrs.  C.  D.  Knight  and  R.  E. 
Hellmund. 

A  discussion  nuiinl\'  of  the  li(iuid  rheostat  used  in  mine-hoist  service. 

REPORT  OF  THE  TRANSMISSION  COMMITTEE 
Percy  H.  Thomas,  Chairman  Vol.  xxxv— 1916,  pp.  SSS-S88 

I.  Data  from  ()[)erating  Plants  on  the  Effect  of  Altitude  on  the  Oper- 
ating Temperature  Rise  of  Electrical  Apparatus. 

II.  E.xpcnonce  with  (Grounded  .\eutral  on  High-Tension  Transmis- 
sion  Lines. 

Discussion,  pages  .')S4-.5'.)7,  l»y  Messrs.  .\.  .\.  C'arlc,  .\I.  ().  Troy,  P. 
Junkersfeld,  E.  E.  l'".  Ocighton.  I).  B.  Rushmore.  j.  T.  Lawsoii,  J.  H. 
Taylor,  V.  H.  Chase,  H.  R.  Woodrow,  E.  C.  Stoned  F.  L.  ?Iunt.  L.  N. 
Oicliton,  R.  V.  Schuchardt,  E.  T.  Street.  H.  Ooodwin,  jr.,  \V.  A.  Carter 
and  H.  Price. 

.\  general  discussion  of  cxperieme  with  ss'stenis,  grounded  and  un- 
.;i,'rounded.  \\t\-  coinplcie  (les(Tij)tion  of  the  \'ictr»ria  Falls  and  'iVans\-;ial 
Power  ( 'oinpan\-.  Ltd.,  and  the  Rand  .Mines  Power  Supply  Co.,  Ltd. 

THE   POWER   COMPANY'S   PROBLEM   IN   THE   ELECTRIC   SUPPLY  FOR  LARGE 

.SINGLE-PHASE   LOAD 
W.  C.  L.  Eglin  Vol.  xxxv      1916,  pp.  1289-1292 

rile  i)ou(T  •  oinpaii}  must  Im  al»li-  lo  >up|)l\'  encrgx"  of  uniform  pressure, 
>ingle-plia><-.  iwo-phax'  or  l  hre<'-phasi\  at  whate\'er  voltag*-  Lest  suits 
customer.  'i'hese  eondltion^  Lest  met  Ly  polyphase  units.  When  de- 
mand for  Mn>^le-|>liase  eurrenl  is  hea\-y  enoujjjh  to  jjroduee  unl)alanee, 
some  UK'aiis  of  Lalaneuig  nnist  Le  provided.  'i'hree  methods  are  dis- 
eusse(l.  Correelion  U>r  power  f;i<Lor  on  each  mdu'idual  large  consumer's 
line  i>  su^'ge->!  ed  . 

/)is<  ii.ssion  inrorporaled  with  th;it  of  juaper  Ly   P\\\\\v 'Vva-v-\\v>  v>vv '' 't>\.\v- 
ply  of  Sm,i;)c- J*]}ase  /.oad^  from  CeiUval  S\a\\Mus." 
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tral  iialt'.nt.  havi-  clxIpomveU'  adoiilei]  6ingte-pha»  dis- 
ion   (mm    pfilyphau-   ttaltons.       Individoal    regulaior^   CTnployod. 
-Alon  *ith  %'mA  siTig]<.--pha>e  fharacterislki  fw  in  cvTtaia  case*  gen- 
's with  kil'>v'i1t  ampere  rating  in  cxcci!^  of  kilowalt  capacity  of  steam 
It  Jirr  ompluyr-'l.     Cii«tomfntaKf»I  liaLancini;  by  dit-idicg  Inad  between 
fjti«ti'.n  i,i  priwcTSMppiy  in  N.  Y..  X.  H.  *  H.  R.  R.  discuKed 
■  E[)uit>mcnt  iit^if\\>tt\. 

nifCusHen.  Ifndudinc  tllat  'jlpjiper  by  W.C,  L.  EttUiD.pago  I3U2-1313, 

I  l>y  .Me»rs.  W.  B,  Murruy,  P.  Junki-nfrid,  IX  B.  Riuhmorr.  L.  E.  Imlay. 

^  H-  R,  Sammcrhayi->,  X,  W.  Sturer,  E.  H.  Manindalc.  E.  P.  W.  Aleaan- 

dcr*'jn.  J,  L.  Harper,  H.  W.  Buck,  J    E.  Kcr^hriM.  C.  F,  Scoit.  W.  C.  L. 

KkI'i.  P.  Trrfrhi..,  P-rKK'".dMn.l  r  ?    ir!ir.|JTi,: 

jvncral  'Jisc'ixKiMn. 
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SUIGLE-PBASE  POWER  PBODUCTtOn 
I.  F.  W.  AliuadmOB  mad  0.  R.  Hill  Vot.  im— 1«»,  m.  Ulf-Un 

Thi-  Rfncrftl  ti^ndfTipy  of  tWtric  [irjw^r  supply  is  toward  ccotralixation 
if  'liiiii/n*  ati'l  t"  111-  fftiii^iltnl  italiwns  must  be  standardized.  From  this 
'landjKiini  singlc-phaKc  p'lwer  can  best  he  supplied  from  polyphase 
,y<ti-mv.    fl|)eration  and  (henry  of  phntr  cmverters  discussed. 

/JnfMitmn  inciirporaicd  with  that  of  i«»per  by  Gtlman  and  Portcscue 
'fi  -Sint'l'-r-lifl^i-  Power  Servii--- from  (Vniral  Slalinns." 


An  'jutlinc  i>!  \evcriil  ini-ihods  by  whith  singlc-phiise  power  may  be 
tupplieij  fpim  a  JioIypllUoe  system  with  advantages  and  disadvantages. 
Unlialanfe  in  voltage  when  singie-phase  ptiwer  is  supplied  direct  from 
p'jlyfihase  Hri-uii  explHine'l.  f.sw  "f  riiBlribution  of  load  in  polyphase 
nyKleni  deduic'J,  (Jutline  n(  theory  of  single-phasp  generator  given. 
Eswnlial  r*' qui  re  men  is  for  phase  balancing,  requirements  for  (.-onltol 
iipTiaraiys  Ixhiivior  '4  lialani.-iT  imiler  short  lircuil. 

/'(MHiiK'K,  linilu'ling  [hut  'jf  paper  by  Aiexanderson  and  Hill),  pages 
!:US.  IIKiV.  I.v  Mfv^rv.  H.  F.  IJoherty,  H.  G.  Reisi.  H.  I..  WalUu.  H.  R. 
Sm.iii..r!iayr...  H.  K.  GtlTrian.  U'.  C.  L.  Ej;Un.  B.  A.  Behrend.  C.  A.  Adams. 
I).  W.  I<.,[i.-r,  (1.  H.  Hill,  I'.  T..r<hi.i,  P.  Jiinkersfeld,  C.  F.  Scott.  H.  C. 
.MIiriKhi.  K.  I".  \V.  Ale-ir.nikT-'.n,  and  C.  I,.  Fortescue. 

A  ;;iniT:il  ilisi  ii-siiit]  i.f  ilic-  adv.inlagi's  of  Various  metho<ls  of  singlt- 
]>li:i-.i>  i^i-ii'T.ilion  aii'l  ip]"T;ilion  ivilh  somt-  fritts  relative  to  comparative 


capittity  of  oil  breakers.  Description 
arc  of  maximum  peak  of  current  wave 
ig  multiplied  by  r'Kit- mean -square  of 
■"pfVvB.'i.'Av  aS.V.ei  Viveaker  ooens.    Attcn- 
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BLSCTRIC  DRIVE  FOR  REVERSING  ROLUNG  MILLS 
Wilfnd  Syket  aad  David  HaU  Vol.  zxxr— 1916,  pp.  fOl-CU 

This  paper  answers  some  of  the  questions  which  have  arisen  in  the  rapid 
displacement  of  steam  drive  by  electric  drive  for  reversing  rolling  mills, 
and  describes  the  constructions  which  have  been  found  desirable. 

Discussion^  pages  520-537,  by  Messrs.  K.  A.  Pauly,  E.  S.  JeflFries,  D.  M. 
Petty,  R.  Tschentscher,  H.  D.  James,  F.  G.  Liljenroth,  B.  Wiley,  H.  S. 
Page,  P.  Lindemann,  A.  Gray  and  W.  Sykes. 

A  discussion  of  the  relative  merit  of  steam  and  electric  drive  for  revers- 
ing mills.  Statistics  of  installation  at  Steel  Company  of  Canada.  Com- 
parison of  European  and  American  practise. 

MOTOR  EQUIPMENTS  FOR  THE  RECOVERY  OF  PETROLEUM 
W.  G.  Taylor  Vol.  zxxy— 191f,  pp.  8tf-CfS 

This  paper  presents  data  covering  the  horse  power  requirements  and 
kilowatt-hour  consumption  for  the  various  operations  in  drilling  and 
maintaining  producing  oil  wells.  The  use  of  the  slip-ring  induction 
motor  for  drilling,  pumping  and  cleaning  wells.  Special  controllers  and 
resistance.  Pumping,  cleaning  and  "pulling"  rods  by  a  Y-delta  or  two- 
speed  machine. 

Discussion^  pages  553-554,  by  Messrs.  F.  Woodbury  and  A.  M.  Dudley. 

General  discussion. 

SOME  FEATURES  OF  DOMESTIC  ELECTRIC  COOKING  AND  HEATING 
H.  B.  Peirco  Vol.  zxxr— If  16,  pp.  1001-1011 

From  tests  made  on  a  number  of  domestic  cooking  and  heating  instal- 
lations, it  would  appear  that  electric  cooking  has  a  better  load  factor 
than  a  lighting  load  and  that  this  factor  improves  as  the  number  of  ranges 
increases.  The  errors  incident  to  these  tests  are  discussed.  Sugges- 
tions are  made  for  checking  these  results  by  others.  In  the  heating 
field,  the  effect  of  water  heaters  superimposed  on  range  loads  is  discussed 
in  relation  to  their  effect  on  the  central  station  loads  and  income. 

Discussion,  pages  1012-1015,  by  Messrs.  J.  B.  Fisken,  C.  E.  Magnusson. 
W.  D.  Peaslee,  L.  F.  Curtis,  R.  W.  Pope,  E.  R.  Perry,  H.  F.  Holland  and 
H.  J.  Gille. 

A  general  discussion. 

21.  TELEPHONY  AND  TELEGRAPHY 

INDUCTIVE  INTERFERENCE  AS  A  PRACTICAL  PROBLEM 
A.  H.  Gritwold  and  R.  W.  Mastick  Vol.  zzzv— If  16.  pp.  1061-1087 

A  review  of  the  factors  which  affect  inductive  interference  in  telephone 
circuits  from  high-voltage  power  transmission  circuits,  a  presentation 
of  practical  considerations  regarding  the  reduction  of  interference,  and 
description  of  actual  cases  of  the  a])plication  of  these  means  of  reduction. 
Balanced  and  residual  voltages  and  currents,  wave  shapes  of  voltages  and 
currents,  transposition  schemes,  three  particular  cases  of  parallels. 

Di  cushion,  pages   1088-1094,    by   Messrs.     F.   Bedell,   L.  T.   Mermiv, 
J.  B.  Fisken  W.  I).  Peaslee,  R.  F.  Robinson,  1-.  J.  CoibeU^C  K.^VCv^V^^ 
and  R.  W.  Mastick, 
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A  discussion  of  efiFects  of  leaking  insulators,  charging  electrolytic 
arresters,  carelessness  in  making  transpositions  and  an  appeal  for  co- 
operation of  telephone  and  power  companies. 

CHARACTERISTICS  OF  ADMITTANCE  TYPE  OF  WAVE-FORM  STANDARD 
Frederick  BedeU  Vol.  zxxv-lf  16,  pp.  115f-1170 

A  description  of  the  characteristics  of  a  certain  type  of  standard  for 
determining  how  near  an  actual  wave  is  to  a  true  sine  wave  and  for 
prescribing  allowable  limits  of  deviation.  An  investigation  to  determine 
whether  a  standard  can  be  specified  that  will  be  more  suitable  in  its 
characteristics  and  more  practical  in  its  application. 

Discussion^  pages  1171-1186,  by  Messrs.  H.  S.  Osborne,  L.  F.  Curtis, 
C.  E.  Magnusson,  L.  W.  Chubb,  L.  T.  Merwin.  L.  J.  Corbett,  J.  B.  Fisken, 
W.  D.  Peaslee,  H.  J.  Ryan,  R.  W.  Mastick,  F.  Bedell  and  Report  by 
Joint  Committee  on  Inductive  Interference.  ^ 

A  discussion  of  the  various  factors  involved  in  the  selection  of  a  wave- 
shape standard  and  the  penalizing  of  upper  harmonics.  An  appeal 
for  cooperation  between  power  companies,  telephone  companies  and 
manufacturers. 

22.  MISCELLANEOUS  TOPICS  AND  INSTITUTE  AFFAIRS 

THE  MUNICIPALLY.OPERATED  ELECTRICAL  UTILITIES  OF  WESTERN  CANADA 
A.  G.  Christie  Vol.  zxzv— If  16,  pp.  SS-87 

The  paper  discusses  a  number  of  public  utilities  in  various  cities  in 
Western  Canada.  The  characteristics  of  these  cities  are  reviewed  and  a 
brief  outline  of  equipments  of  the  various  plants  is  given.  The  costs 
and  methods  of  financing  these  utilities  are  discussed  at  considerable 
length  and  the  charges  for  various  services  are  summarized. 

Discussion,  pages  88-98.  by  Messrs.  P.  Betts,  H.  G,  Stott,  R.  P.  Bolton. 
E.  J.  Cheney,  C.  H.  Sharp,  A.  Rcid  and  A.  G.  Christie. 

A  general  discussion  of  the  advantages  and  disadvantages  of  municipal 
ownership  of  public  utilities  and  methods  of  financing  them. 

CHATTERING  WHEEL  SLIP  IN  ELECTRIC  MOTIVE  POWER 
G.  M.  Eaton  Vol.  xzzr— 1916,  pp.  175-179 

The  paper  shows  that  chattering  wheel  slip  is  characteristic  of  all  types 

of  electric  motive  power.     The  application  of  the  motive  power  in  the 

electric  and  steam  drives  is  compared,  and  the  reasons  for  the  chattering 

•  wheel  slip  and  the  means  of  measuring  and  rectifying  the  same  are  given. 

Discussion,  pages  180-182,  by  Messrs.  S.  T.  Dodd,  W.  I.  Slichter,  C 
F.  Scott,  W.  L.  Merrill  and  G.  M.  Eaton. 

A  general  discussion. 

A   METHOD  OF  DETERMINING  THE  CORRECTNESS  OF  POLYPHASE  WATT- 
METER CONNECTIONS 
W.  B.  Kouwenhoven  Vol.  zxxt— 1916,  pp.  18S-106 

A  description  of  a  method  of  checking  the  correctness  of  the  connections 
of  a  polyphase  watt-hour  meter  and  proof  th^t  the  methods  most  commonly 
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ELECTRIC  DRIVE  FOR  REVERSING  ROLLING  MILLS 
WUfred  Sykes  and  David  Hall  Vol.  zzzy— 1916,  pp.  901-619 

'I'his  paper  answers  some  of  the  questions  which  have  arisen  in  the  rapid 
displacement  of  steam  drive  by  electric  drive  for  reversing  rolling  mills, 
and  describes  the  constructions  which  have  been  found  desirable. 

Discussion,  pages  520-537,  by  Messrs.  K.  A.  Pauly,  E.  S.  JefFries.  D.  M. 
Petty,  R.  Tschentscher,  H.  D.  James,  F.  G.  Liljenroth,  B.  Wiley,  H.  S. 
Page,  P.  Lindemann,  A.  Gray  and  W.  Sykes. 

A  discussion  of  the  relative  merit  of  steam  and  electric  drive  for  revers- 
ing mills.  Statistics  of  installation  at  Steel  Company  of  Canada.  Com- 
parison of  European  and  American  practise. 

MOTOR  EQUIPMENTS  FOR  THE  RECOVERY  OF  PETROLEUM 
W.G.Taylor  Vol.  xxxv     1916.  pp.  SS9-SS2 

This  paper  presents  data  covering  the  horse  power  requirements  and 
kilowatt-hour  consumption  for  the  various  operations  in  drilling  and 
maintaining  producing  oil  wells.  The  use  of  the  slip-ring  induction 
motor  for  drilling,  pumping  and  cleaning  wells.  Special  controllers  antl 
resistance.  Pumping,  cleaning  and  "pulling"  rods  by  a  Y-delta  or  two- 
speed  machine. 

Disfussiofj.  ])ages  o5^i-554.  l)y  Messrs.  F.  Woodbury  and  .\.  M.  Dudley. 

General  discussion. 

SOME  FEATURES  OF  DOMESTIC  ELECTRIC  COOKING  AND  HEATING 
H.  B.  Peirce  Vol.  xxxv  -1916,  pp.  1001-1011 

From  tests  made  on  a  numljer  of  domestic  cooking  and  heating  instal- 
lations, it  would  api)ear  that  electric  cooking  has  a  l)etter  load  factor 
than  a  lighting  loail  and  that  this  factor  imj)rovcs  as  the  number  of  ranges 
increases.  The  errors  incident  to  these  tests  are  discussed.  Sugges- 
tions arc  made  lor  checking  these  results  l)y  others.  In  the  heating 
field,  the  effect  <»f  water  heaters  siij)eriin])osed  ou  range  loads  is  discusseil 
in  relation  to  their  effect  on  th<.'  central  station  loads  and  income. 

Discussion,  ]>ages  1012-101.5.  by  Messrs.  j.  B.  Fisken.  C.  \l.  Magnusson. 
W.  I).  IVaslee.  L.  F.  rurti>,  R.  W.  Pope.  E.  R.  Perry.  H.  F.  Holland  and 
II.  j.  Gille. 

.\  general  di>cussi<)ii. 

21.  TELEPHONY  AND  TELEGRAPHY 

INDUCTIVE   INTERFERENCE   AS  A    PRACTICAL  PROBLEM 
A.  H.  Gnswold  and  R.  W.  Mastick  Vol.  xxxv      1916,  pp.  1051-1087 
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rlisfiission  of  effects  of  leaking  insulators,  charging  electrolytic 
festers,  earelessness  in  making  transpositions  and  an  appeal  for  co- 
feration  of  telephr>ne  anfl  power  companies. 

^CHARACTERISTICS  OF  ADMITTANCE  TYPE   OF   WAVE-FORM  STANDARD 
ederick  Bedell  Vol.  zxzy-191«.  pp.  IIM-IITO 

A  «lescri]jtion  of  the  ( haraeteristics  oi  a  certain  type  of  standard  for 

fdetemiining   how  near  an  actual   wave  is  to  a  true  sine  wave  and  for 

pres(  rihing  allowable  limits  of  deviation.     An  investigation  to  determine 

whetluT  a   stan«lar<l   (an   be   specified   that   will   be  more  suitable  in  its 

(  harac  tcri^tit  s  an<l  niore  practical  in  its  application. 

Discussion,  i)aK<"^  1171-1  ISO,  by  Messrs.  H.  S.  C)sborne,  L.  F.  Curtis, 
('.  K.  Magnusson.  L.  W.  Chubb,  L.  T.  Merwin.  L.  J.  Corbett,  J.  B.  Fisken, 
W.  I)  I^asjcc.  M.  j.  Ryan,  R.  \V.  Mastick,  F.  Bedell  and  Report  by 
joint  ('oniiTiittc<-  on   Inductive  Interference.  '^ 

A  rh<(Us>ion  of  thr  various  factors  involved  in  the  selection  of  a  wave- 
shape stan<lar<l  and  the  penalizing  of  upper  harmonics.  An  appeal 
lnr  I  (.operation  between  j)ower  comf)anies.  telephone  companies  and 
niainilai  tnrer^. 

22.  MISCELLANEOUS  TOPICS  AND  INSTITUTE  AFFAIRS 

THK  MUNICIPALLY-OPERATED  ELECTRICAL  UTILITIES  OF  WESTERN  CANADA 
A.  (i.  (  hristie  Vol.  xxxv— H16,  pp.  SS-87 

I  Im  p.ipt  r  <h-<  ^>^e^  a  number  of  public  utilities  in  various  cities  in 
\\r  1(11)  (  .ina<ia.  The  (  haracteristics  of  these  cities  are  reviewed  and  a 
ImmI  out  hue  ot  e()inpnient>  (»f  tlu-  various  ]»lants  is  given.  The  costs 
•  III.!  iiMtlio-1  ot  t'man<  in^'  thesr  utilities  arc  discussed  at  considerable 
I'  iir''i  •""'  It"    '  Iiar^'c  s  tor  \arion-.  ser\'ices  arc  summarize<l. 

lU^,  nsMoii,  \Ki'^r^  SS-9.S.  by  Messrs.  P.  Hetts,  H.  G.  Stott,  R.  P.  Bolton, 
I'-     1    ClieiKy.  C.   11.  Sharp.  .\.   Rei-l  and  A.  G.  Christie. 

A  }Mr)eial  «li  -t  ussioi)  (.t  the  a'hanta^es  and  disadvantages  of  municipal 
"vsiier  liij)  ot  pnbh(    niihtie-  an<l  inetliods  of  linancing  them. 

CHATTERING   WHEEL  SLIP  IN   ELECTRIC    MOTIVE  POWER 
(.    M.  Kafon  Vol.  xxxv— 1»16,  pp.  ITS-lTf 

I  'i'  I'.iiMi  Oio\\  ,  that  (  hatteriii)^  wheel  sli])  is  characteristic  of  all  types 
"I  <l'i!ri.  iiioti\.-  i.o\s(i.  'Jlic  ap|)h(ati'>n  of  the  motive  power  in  the 
''•''"'  iii'l  i«ain  -hue  i-  i  oiiipared.  and  llie  reasons  for  the  chattering 
\^he.l     |i|.  aixl  tile  iiH.ni^  '.t'  mea^iinn^'  and  reclif\ing  the  same  are  given. 

nt^.us.nni.  [...K-  I^OIS-J.  l.\  Messrs.  S.  T.  Oodd.  \V.  I.  Slichter,  C 
V    S...tt.   W,   I.     M. mil  and  (*..   M.   Katon. 

A  ,k.^(iii  la!  '  h'  I  n  — !<  Ml . 

A    MKTHOI)   OF    DETERMINING    THE   CORRECTNESS   OF   POLYPHASE   WATT- 
METER  CONNECTIONS 
W    l<    Kouwrnhovrii  Vol.  xxxv— 1916,  pp.  lU-a06 

'    '  n\r\\\-M\  o\  v\Acck\u\;  the  correctness  of  the  connections 

-  '>v\  \^xv>v>^  v\yov.\  \\v,^  Tcv<i,\\vc>^<=i  tuost  commonly 
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used  are  unreliable.  Rules  are  worked  out  that  make  the  rectification 
of  incorrect  connections  simple.  Another  method  is  described  which 
may  be  used  on  balanced  or  unbalanced  three-phase  circuits  at  any  power 
factor,  providing  the  opening  of  one  phase  at  a  time  is  permissible. 

Discussion,  pages  207-211,  by  Messrs.  W.   H.   Pratt.  O.  A.  Sawin,   L. 
W.  Chubb.  C.  A.  Adams  and  W.  B.  Kouwenhoven. 
A  general  discussion. 

THE  TRUE  NATURE  OF  SPEECH 
J.  B.  Flowers  Vol.  xxxv     1916,  pp  213-231 

A  proof  that  s[)ccch  is  a  rapid  varialioii  in  the  iiUcnsit\'  of  the  voice 
and  mouth  tones  according  to  definite  sound  jjat terns  called  letters  c»f 
the  alphabet.  Photogra|)hs  are  taken  with  aid  of  string-galvanometer  of 
each  letter  of  the  ali)habct.  From  the  cur\es  tlie  phonograpliic  alphabet 
is  obtained  by  measuring  the  variations  in  intensitx'  of  the  main  tone  of 
the  record. 

A  design  for  a  voiee-oi)erate(l  phonograj)liii'  alphal)et  writing  machine 
is  d esc n bed. 

Discussion,  pages  2ii2-24S,  l»y  Messrs.  II.  H.  Williams,  L.  T.  Rol)inson. 

A.  C.  Crehore,  \V.  Maver,  jr..  \V.  J.  Hammer.  L.  \V.  ('hul)b,  C.  A.  Adams, 
J.  B.  Taylor  and  J.   B.  Flowers. 

A  general  discussion  including  the  develo])menl  of  the  theory  of  the 
string  galvanometer. 

THE  FUTURE   OF  WATER   POWER  IN   THE  UNITED  STATES 
Charles  W.  Comstock  Vol.  xxxv  -1916,  pp.  249-260 

A  compilation  of  figures  sliowing  the  tt>tal  fixed  installed  primar\ 
power  in  tlu-  I'liiled  Slates  and  similar  figures  for  the  total  installed  water 
power.  With  tliese  figures,  those  eompih-t]  by  llie  Commissioner  of 
Corporations  are  summarized  and  compared,  'file  geograpliic  distribu- 
tion of  installed  water  power  is  studied  together  with  the  develo])ment 
of  water  power  between  1.SS9  and  1901).  'fhe  auliior  next  takes  iij)  the 
possibilities  of  water  power  <levelo])ment  and  makes  an  api)eal  for  a 
federal  polii\-  <  >f  en<ouraging  business  eTlterpri^e  instead  of  ol»structing 
it. 

Nt '  dl-^ellS<I(  >ii. 

IRON    LOSSES   IN    DIRECT-CURRENT    MACHINES 

B.  G.  Lammc  Vol.  xx.kv      1916,  pp.  261-286 

It  i>  shown  that  n<i  ei<  af  a>(nrar\  i^  prvUlieabh-  in  tlu-  calculation  ot 
a<tual  ir(-n  1m-..-.  -.  cxccjii  hi  special  ca>«'--.  .\  I»nc!  explanation  ot  se\'eral 
causes  < 't   variation  in  lM>>t  >  is  L^i\en. 

'fhe  four  yrinci]  'a!  -''  <\\v<  r-  of  c<  ire  lo-s  are  <<  >\]^\<  Ivvv  1,  namely  -armature- 
ring  h  tss.  annat  nre-to<  )i  h  f.-s.  f.](l\  currents  m  buried  conductors,  and 
polc-fa*  c  I0-.-CS.  L  ndcr  cdd\'  <  uircnl  1m.--,, -^  an  cxplanaiion  i^  gi\en  ot 
terrain  los.^r^  n<>t   n->nall\    taken  intM  account   with  a  »  rude  nicthiMl  ijt  cal- 
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cap  hydroelectric  as  compared  with  steam-electric  plants  make  a  reason- 
able profit  essential  to  induce  investment.  The  rising  cost  of  water  power 
and  the  decreasing  cost  of  steam  power.  Length  of  time  a  permit  or  fran- 
chise may  run  before  recapture  clauses  take  effect.  Water  power  devel- 
.  oped  as  a  matter  of  conservation  of  coal  supply. 

Discussion  (including  that  of  paper  by  W.  R.  Whitney),  pages  457-477, 
by  Messrs.  F.  A.  Lidbury,  L.  Addicks,  G.  Dunn,  J.  H.  Finney,  L.  H. 
Baekeland,  C.  G.  Atwater,  C.  Townley,  G.  R.  Smith,  D.  B.  Rushmore, 
O.  T.  Crosby. 

A  general  discussion  from  the  viewpoints  of  the  engineer,  financier, 
manufacturer  and  congressman. 

THB  RELATION  OF  PURE  SCIENCE  TO  INDUSTRUL  RESEARCH 

President's  Address 
J.  J.  Carty  Vol.  zzxv— 1916.  pp.  4T9-488 

STANDARDIZATION 
C.  Le  Maistre  Vol.  zxzy— 1916,  pp.  489-4M 

A  general  review  of  development  of  standardization  committees  and 
organizations  here  and  abroad.  A  citation  of  the  many  advantages  of 
proper  standardization  and  an  appeal  for  universal  cooperation.  Particu- 
lar reference  is  given  to  standardization  of  electrical  machinery  with 
emphasis  laid  on  the  adoption  of  a  standard  temperature  rise  basis. 

Discussion,  pages  497-500,  by  Messrs.  C.  H.  Sharp,  F.  Osgood,  C.  P. 
Steinmetz,  C.  Le  Maistre  and  C.  A.  Adams. 
A  general  discussion. 

EFFECT  OF  BAROMETRIC  PRESSURE  ON  TEMPERATURE  RISE  OF  SELF-COOLED 

STATIONARY  INDUCTION  APPARATUS 
V.  M.  Montsincer  Vol.  xzxr— 1916,  pp.  599-«t« 

This  paper  is  divided  into  three  parts,  as  follows:  (1)  A  general  review 
of  the  principal  laws  of  the  dissipation  of  heat, — radiation,  conduction  and 
convection.  (2)  The  development  of  a  simple  formula  for  the  effect  of 
altitude  on  the  cooling  of  surfaces  of  different  shapes.  (3)  A  general 
discussion  of  the  method  of  conducting  experimental  observations  at 
diflFerent  altitudes  on  three  different  shaped  surfaces. 

^Discussion,  pages  627-633,  by  Messrs.  R.  W.  Sorensen,  A.  Gray  and 
V.  M.  Montsinger. 

A  general  discussion  of  methods  and  results  obtained. 

EXPERIENCES  IN  TESTING  PORCELAIN 
E.  E.  F.  Creighton  Vol.  zxxt— 1919,  pp.  789-744 

The  results  of  numerous  experiences  in  testing  porcelain  insulators 
particularly  in  regard  to  porosity,  absorption  of  water,  surface  leakage 
and  dielectric  losses.  Considerable  energy  is  required  to  drive  moisture 
out  of  a  porous  insulator  and  it  has  been  found  best  to  restrict  the  oscillator 
testing  to  dry  porcelain,  whereas  the  wetter  the  porcelain  the  more  effec- 
tive is  the  60-cvcle  test. 

Discussion  incorporated  m\A\  iVvsit  of  paper  by  R.  H.  Marvin  on  '*A 
New  Method  of  Grading  Suspetvsvoxv  \xv?.w\^\.ox'j.r 
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A  NEW  METHOD  OF  GRADING  SUSPENSION  INSULATORS 
R.  H.  Marvin  Vol.  zzxv— 191«,  pp.  745-75a 

Attention  is  drawn  to  the  known  disadvantages,  of  the  uneven  dis- 
tribution of  voltage  in  long  strings  of  disks.  The  general  theory  showing 
how  the  distribution  is  determined  by  the  various  capacities  of  the  units 
is  given.  It  is  shown  how  the  distribution  can  be  improved  by  grading,  or 
varying  the  internal  capacity  of  the  units. 

The  proposed  method  of  grading  consists  in  placing  flat  metal  rings  on 
the  insulator,  around  the  cap  and  stud  respectively,  the  porcelain  disk 
being  enlarged  for  this  purpose. 

A  simple  method  of  measuring  the  voltage  distribution  is  described 
using  a  single  needle  gap. 

The  results  of  tests  with  and  without  grading  are  given,  the  graded 
strings  showing  a  decidedly  better  distribution  of  voltage. 

Discussion,  pages  753-755,  by  Messrs.  F.  W.  Peek,  Jr.,  and  E.  E.  F. 
Creighton. 

A  general  discussion. 

ILLUMINATION  OF  THE  PANAMA-PACIFIC  INTERNATIONAL  EXPOSITION 
W.  D'A.  Ryan  Vol.  zzxv— 191«,  pp.  757-781 

This  paper  describes  the  system  of  lighting  adopted  for  the  P-P.  I.  E., 
which  was  generally  conceded  to  have  initiated  a  new  era  in  the  art  of  illum- 
ination. From  a  narrow  engineering  point  of  view  the  lighting  would  have 
been  regarded  as  inefficient,  but  the  object  striven  for  was  to  suppress 
high  intrinsic  brilliancy,  while  bringing  out  the  architectural  beauties  of 
the  exposition  structures  in  the  most  effective  manner. 

No  discussion. 

SUGGESTIONS  FOR  ELECTRICAL  RESEARCH  IN  ENGINEERING  COLLEGES 
V.  Karapetoff  Vol.  zzxv— 191«,  pp.  896-910 

This  paper  gives  a  list  of  topics  in  electrical  engineering  suitable  for 
thesis,  research  and  advanced  study.  A  plea  is  made  for  systematic 
research,  each  college  specializing  year  after  year  in  only  a  few  topics. 
Cooperation  is  urged  with  individual  inventors  and  investigators.  Various 
types  of  investigation  are  enumerated,  such  as  invention,  experimental 
study,  theoretical  study,  library  search,  and  compilation  of  data. 

Discussion,  pages  911-923,  by  Messrs.  J.  B.  Whitehead,  A.  E.  Flowers, 
C.  E.  Skinner,  F.  C.  Caldwell,  E.  E.  Creighton,  D.  D.  Ewing,  C.  F.  Hard- 
ing, N.  S.  Diamant,  J.  J.  Carty,  D.  H.  Braymer,  A.  A.  Nims  and  A.  Gray. 

A  general  discussion  from  the  viewpoint  of  the  college  professor,  inven- 
tor and  manufacturer. 

TRACTIVE  RESISTANCES   TO  A   MOTOR  DELIVERY  WAGON   ON   DIFFERENT 

ROADS  AND  AT  DIFFERENT  SPEEDS 
A.  E.  Kennelly  and  O.  R.  Schurif  Vol.  zzzv-1918,  pp.  985-968 

A  complete  report  on  an  investigation  of  tractive  resistances  of  urban 
roads  to  a  motor  delivery  wagon  equipped  with  solid  rubber  tires.     The 
"tractive  resistance"  as  used  in  this  paper,  itvcVvides  ^\\>\-^\t  t^^^^JawTvR:^^ 
but  does  not  include  wind  resistance  and  the  tesv^Xaxvce  'Ycv\.^ttva\  Vr*  "Ocvfc 
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'«|i  tivilnHihvtth'  Ki.  Liimiuroil  wlih  nicaTn-dei-tric  plants  make  a  ratwin* 
M^  m»Mil  itaii^tilUl  111  iiuiiu'B  itivtslment.  The  mins  cost  of  water  power 
ntl'l  lb*-  (Wixwunie  '■"•'  "f  Meam  jwiwnr.  I.«ngnh  o(  time  a  permit  or  fran- 
.1m«v  iiMn  tun  l<«1ii««  tvat|)tiirc  cliiUiteB  Uiko  effect.  Water  power  deirel; 
>'|sst  «\  «  iH«ilvt  >il  lilt) xervnt ion  of  wal  suiiply- 

rVvkkoHt*  itHt'litilinic  that  ol  ;>aper  by  W.  R.  Whitney),  pages  457-l7T( 
V>  \t«— 1.  f  A,  Lidljury,  L.  AiMicfcs,  C.  Dunn.  J.  H.  Fianey.  L.  Hi 
n<,Av^u\l,  I'   li    AlwatPT,  C.  Townley,  0.  R    Smith,  D.  B.  Rushmom,, 

V   Kviii'wt  illM'iiMion  frurn  the   vieiV|Kimts  uf  tht  enj^neer,   (inanc-lCTr 

'iLtiiiiit,s>liitt>t  iiiul  congress  man. 

tHB  RILATION  OF  PUAB  SCtENLE  TO  IKDUSTSIAL  RB5EA8CB 

Preddfiil'L  Addrett 

I'  J    k  •>■>  Vd[.  nn-  1I1(,  pp.  ITt-iM 

STANDARDIZATION 
V.  I-B  Maltli*  Vol,  UIT     1*1«.  pp.  MI-*M 

-\  ijt'iHTjxl   riv '   ■'■■  ■-■  ■'■;iiiiir][  'if  si  am  lard  laa  I  ion  committees  a 

i-i^-iiiiiLNli'ni-'   h<  ''     .1.  :    ,  <<  ,\  citation  of  the  many  advantages 

l'iii|«.'r  MlaniljiF'li    .   .  |i|.i':il  for  universal  tooperalion.     Pamcu-i 

liir  rWi-ri'Ufr  i  ;i-''i  <■■  i  .riLinlination  of  electrical  machinery  witl^ 
i'iii|ilii)Hiii  Inrd  iin  I  hi'  ai\ii\iu<n\  uf  a  slandarri  temperature  rise  basis. 

/>ivM,M«n,  iiiiKes  4(17-500.  by  Messrs.  C,  H.  Sharp.  F.  Osgood,  C.  P. 
.Sit-iMMifli,  (■,  I.c  Mnistre  and  C.  A.  Adams. 

KrFECT  OF  BAROMETRIC  PRESSURE  ON  TEMPERATURE  RISE  OF  SELF-COOLED 

STATIONARY  INDUCTION  APPARATUS 
V.  H.  M«nuln(>r  Val.  im— i*i(,  pp.  tn-n% 

Till*  paper  is  dividp'i  inlii  three  parts,  as  follows:  (DA  general  review 
"f  ihi-  princijiul  lawn  nf  the  dissiiwlion  of  heat,^ radiation,  conduction  and 
cimvi_vtion.     I-M     The  rU-vi-lnpnu-nl  of  a  .simple  formula  for  the  effect  of 

idliriuli'  .in   )bi ■I)i)«  "i  M]rf;i.c,-  of  riifferent  shapes.      (3)     A  general 

rlisinssion  (if  Ihc  method  of  i<>n<liicting  experimental  observations  at 
•lifTiTt'nl  iiHiliirli's  on  Ihrcc  rliffercnt  shaped  surfaces. 

Pis,iis.\i<m.  paces  (i27-li:i:i.  hy  Messrs.  R.  W.  Sorensen,  A.  Gray  and 
V"  .\l.  M.int-iinKiT, 

.\  Kiiicr^d  disiii.-.siiiiL  of  Ttu^tlinds  iiiid  ri.'Milts  obtained. 


Vol.  in*— Itlt,  pp.  1t»-TM 

I'liccs  ill  ifsting  porcelain  insulators 
:ihsor|)(irin  of  water,  surface  leakage 
I'niTKy  is  reipiircd  to  drive  moisture 
I'on  found  best  to  restrict  the  oscillator 
c  Heller  the  porcelain  the  more  effec- 

'    T,;,,„.r    bv    R      H      Mnrvin    no    "A 
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A  NEW  METHOD  OF  GRADING  SUSPENSION  INSULATORS 
R.  H.  Marvin  Vol.  xxzv— 1916,  pp.  745-762 

Attention  is  drawn  to  the  known  disadvantages  of  the  uneven  dis- 
tribution of  voltage  in  long  strings  of  disks.  The  general  theory  showing 
how  the  distribution  is  determined  by  the  various  capacities  of  the  units 
is  given.  It  is  shown  how  the  distribution  can  be  improved  by  grading,  or 
varying  the  internal  capacity  of  the  units. 

The  proposed  method  of  grading  consists  in  placing  flat  metal  rings  on 
the  insulator,  around  the  cap  and  stud  respectively,  the  porcelain  disk 
being  enlarged  for  this  purpose. 

A  simple  method  of  measuring  the  v^oltage  distribution  is  described 
using  a  single  needle  gap. 

The  results  of  tests  with  and  without  grading  arc  given,  the  graded 
strings  showing  a  decidedly  better  distribution  of  voltage. 

Discussion^  j)ages  To.'^-Tof),  by  Messrs.  F.  W.  Peck,  Jr.,  and  E.  E.  F. 
Creighton. 

A  general  discussion. 

ILLUMINATION  OF  THE  PANAMA-PACIFIC  INTERNATIONAL  EXPOSITION 
W.  D'A.  Ryan  Vol.  xxxv— 1916,  pp.  757-782 

This  paper  describes  the  syslcm  of  lighting  adopted  for  the  P-P.  I.  E., 
which  was  generally  conceded  to  haveinitiated  a  new  era  in  the  art  of  illum- 
ination. Frotn  a  narrow  engineering  point  of  view  the  lighting  would  have 
been  regarded  as  inefficient,  but  the  object  striven  for  was  to  suppress 
high  intrinsic  brilliancy,  while  bringing  out  the  architectural  beauties  of 
the  exposition  structures  in  the  most  effective  manner. 

No  discussion. 

SUGGESTIONS  FOR  ELECTRICAL  RESEARCH  IN  ENGINEERING  COLLEGES 
V.  Karapetoff  Vol.  xxxv— 1916,  pp.  895-910 

This  palmer  gives  a  list  of  topics  in  electrical  engineering  suitable  for 
thesis,  research  and  advanced  study.  A  ])lea  is  made  for  systematic 
research,  each  college  s])ecializing  year  after  year  in  (jnly  a  few  topics. 
C'oojjcration  is  urged  with  individual  inventors  and  investigators.  Various 
types  of  investigation  are  enumerated,  such  as  invention,  ex})erimental 
study,  thecretiial  study,  librar)-  search,  and  coniijilation  of  data. 

Disc  ii.s.sioH,  })agrs  911-92;^,  by  Mi-ssrs.  J.  B.  VVhiteficad,  .\.  E.  I'lowers, 
C.  E.  SkiniKT,  F.  C.  Caldwell.  E.  E.  (Veighton,  1).  \).  Ewing,  C.  F.  Hard- 
ing. N.  S.  Diaiih'int,  j.  J.  ('artw  I).  H.  Braymer,  A.  A.  Nimsand  A.  Gray. 

.\  general  discussion  from  llu-  viewpoint  <»f  the  college  professor,  inven- 
I  <>v  and  manulact  urer. 

TRACTIVE    RESISTANCES    TO    A    MOTOR    DELIVERY    WAGON    ON    DIFFERENT 

ROADS  AND  AT   DIFFERENT  SPEEDS 
A.  E.  Kennelly  and  O.  R.  Schurig  Vol.  xxxv-1916,  pp.  925-963 

A  Loni])lete  rei)ort  on  an  in  vest  igril  i(tn  n\  tractive-  resi^tances  ot  urban 
•.-,  ...1     f.     ..    ..,.  i .  ,■  .  1 .  .1 ,' ,•..,-,  •   ,....,,..-,   ..,,.,,■....,,.  1    ,,.;«i-,   .-,,1^,1   .-1.1.) ♦;•.-,..■       'PI-..  A 
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RUPTURING  CAPACITIBS  OP  OIL  CIRCUIT  BREAKERS 
Stephen  Q.  Hayes  Vol.  zzxv— 1»1«,  pp.  16tS-15S0 

A  series  of  notes  on  the  rupturing  capacity  of  oil  breakers.  Description 
of  result  obtained  by  root-mean-square  of  maximum  peak  of  current  wave 
that  occurs  while  breaker  is  opening  multiplied  by  root-mean-square  of 
open-circuit  voltage  that  occurs  immediately  after  breaker  opens.  Atten- 
tion called  to  different  classes  of  ratings.  Recommendations  made  as  to 
most  desirable  method  of  rating  and  ability  of  breakers  to  be  re-operative. 

Discussion  incorporated  with  that  of  paper  by  E.  M.  Hewlett  on 
"Rating  of  Oil  Circuit  Breakers." 

RATING  OF  OIL  CIRCUIT  BREAKERS 
B.  M.  Hewlett  Vol.  zzxr— 1»1«,  pp.  15S1-1588 

Paper  points  out  several  difficulties  which  are  encountered  in  rating  by 
actual  current  breakers,  but  generally  favors  that  these  ratings  be  on  the 
basis  of  the  current  to  be  opened  in  the  arc  at  the  operating  voltage  of  the 
system. 

Discussion^  pages  1534-1549,  by  Messrs.  C.  Lichtenberg,  N.  L.  Pollard, 
G.  A.  Burnham,  J.  L.  Harper,  H.  W.  Buck,  J.  B.  Taylor,  K.  C.  Randall, 
L.  E.  Imlay,JC.  A.  Adams,  E.  M.  Hewlett,  S.  Q.  Hayes,  H.  R.  Summer- 
hayes,  P.  M.  Lincoln,  L.  W.  Chubb  and  P.  Lindemann. 

A  general  discussion. 
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ELECTRICAL  MACHINERY  TES7S  AND  SPECIFICATIONS  BASED  ON  HODKRK 

H.  M.  HobacI  Vol.  iii«— III*,  pp.  UH-IIIT 

Com]iarisons  an'  mndi;  of  the  standardization  rules  tor  electrical 
machinery  now  in  force  in  variouFi  countries  showing  that  machinery  built 
in  conformance  with  the  American  rules  will  usually  also  conform  with 
rules  employed  in  other  countries.  Suegestion  is  made  tiiat  55  degrees 
coii)d  lie  employed  as  the  ambient,  temperature  of  reference  for  tropical 
ratings.  Attention  is  called  to  a  series  of  acceptance  tests  on  some  large 
walerwhecl  gencrnttirs  and  to  the  temperature  results  ohiuined  by  making 

cyclic  heat  runs  on  these'  m:iihinci. 
No  discussion. 

THE  EFFECT  OF   RECENT  DECISIONS  OK  THE  WORK    OF    INWBmOBV  AMD 

APPRAISAL 
Philander  Bens  Vol.  iiiv    -191t,  pp.  11U-1S14 

all  the  apiiriipristt-  elements  i)f  viiluv,  they  mu«' 
ciinditinn,  use.  and  extt'nl  of  use  in  cnciiclnss  of  service. 

Pin  union,  incorpriratiil  with  that  rtf  paper  hy  .lulian  I.oebenstein  o 


A  discussion  of  the  advisabdily  of  attempting  a 
giving  possible  uses  anil  advantages  to  be  derived  therefrom.     Also,  the 
preiiaraiTim  i>f  suili  ;in  inventory.    Suggestions  for  the  division  of  property 

ml'.  I.:-   , .1    ■ '..I  L I  IS  for   I  hut  purpose,  outlines  of  gf^neral  forms  and 

ni.i!.'  .ind  vf^cordlni;  diilii  reyuitcd. 

Dhfiis^inn  incnr]nir,itt-d  with  that  of  paper  by  Julian  I.oobensicin  on 
'■Growth  and  IJciirccialion." 

GROWTH  AND  DEPRECIATIOH 
Julian  Lo«b«nsleiD  Vol.  iiii  — »11.  pp.  ISM-IMT 

ll  is  generally  assumed  thai 
an  approximately  fi:(cd  per  ci 

The  ncccssitv  of  ri'serves.  the  manner  in  which  tlu-y  may  he  kept  nn.J  the 
return  whi,h  shmild  he  allowed  on  Ihcm,  whether  reinvp-iicd  or  not.  is 
djseussed.  Several  eommission  and  ."url  decisions  are  qnoled  U.  sli.,iv 
the  tendency  !o  disallow  a  ivturn  on  a  reserve  and  arjjumenls  are  presented 
in  refutation  of  the  ilecisinn-;. 

Dis(ussin»  (including  that  of  papers  hy  Philander  Betts  and  Harry  li. 
Carver),  pages  1408-U:)fi.  bv  Messrs,  \V.  B.  Jackson-  O.  W.  Whittemorc. 
I).  B.  Rushmore,  E.  J.  Chencv,  W,  .S.  Franklin,  P.  Betts,  H.  E.  Carver. 
W.  R.  McCann.  F.  Gill.  L.  R.  Navh.  F.  C.  Merricl!  and  J.  l.wbenstcin. 

A  general  discussion  of  factors  involved  in  the  Ihrcv  \va\wt^. 
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Barometric  pressure,  effect  on  temperature  rise,  stationary  induc- 
tion apparatus  (See  Temperature,  operating,  altitude  effect, 
etc. ) 

Blooming  mill,  reversing,  electric  drive,  statistics 502 

Brick-block  road,  tractive  resistance,  motor  truck 943 

Budapest  City  Railroad,  d-c,  high  voltage 369 

Bus,  generator,  scheme  of  Public  Service  Electric  Co 701 

Cables,  insulated,  lead  covered,  temperature  rise 1017 

split  conductor,  use 725 

temperature  rise,  carrying  capacity  2-conductor  concentric.  1037 

2-conductor  flat  and  3- 

conductor  sector 1037 

reduction  factors 1050 

duct  lines 1028 

forced  ventilation 1047 

water  cooled 1046 

early  investigations 1018 

effect  of  adjacent  cables,  equations 1049 

effect  of  short-circuited  lead  sheaths 1046 

final  rise 1034 

hot  spots  due  to  steam  lines 1043 

maximum    current     carrying    capacity, 

multiple  conductor  cable 1027  1035 

maximum     current     carrying    capacity 

one-conductor  cable 1024  1025 

overload  or  intermittent  rating 1030 

rate 1032  1038 

rating  of  cables 1019 

sheath  currents 1027 

surface  thermal  conductivity 1020 

thermal  conductivities,  graphic  method.  1034 

pap  er-insulated 
one-conductor 

lead-covered . .  1024 

variable  air  temperature,  duct  line 1041 

Canadian  electrical  atilities,  municipal     (See  Public  utilities,  etc.) 

Central  station  power,  single-phase 1329 

.Ceramics,  durability  factor,  porcelain  suspension  insulators     (See 

Insulators,  porcelain  suspension,  etc.) 

Chicago  and  Interurban  Traction  Co.,  rc|>ort  on  grountled  neutral.  580 

Cinder  and  gravel  roads,  tractive  resistant  es.  truck 946 

Circuit  breakers,  oil,  rating 1531 

distress  definition 1536 

factor  of  safety 1541 

low  vs.  high-voltage  arcs 1541 

physical  dimensions  factor 1533 

power  factor 1535 

reactors 1533 

rupturing    capacitv 1523 

'  1 ,42r),()()()  kv-a.  test 1530 

class  ratings 1525 

effect  of  location 1524 

maximum     current     vs. 

maximum  kv-a.  rating  1528 
ratings,    automatic    and 

non-automatic 1525 

reoperation 1528 

symmetrical    vs.    unsym- 

metrical  wave 1526 

tank   dimensions  factor.  1527 
Complex   quantities,   polar  form,   a|)plicati()n    to  solution   of  a-c. 

j)henomenii 957 

Conductivitv,  thermal,  cvUmkrs,  infinite  length  (.cables) 1019 
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Conductors,  split,  use 725 

steel  (See  Transmission,  conductors,  steel,  etc.) 1237 

Converters,  phase,  action  of,  explanation 1352 

current  relations 1362 

theory  of 1318 

synchronous,  protection,  after  service  interruption . . .  640 

Cooking,  electric,  demand  factor,  apartment  house,  curve 1006 

curves 1005 

load  factor 1002 

range  load  curves 1003 

power  rates 989 

Copper  losses,  d-c.  machines,  armature  eddy  current,  estimated  vs. 

calculated, 

table 274 

formula. .  272  278 

loss  at  no-load  269 
Corona,  detection;  comparison  of  electroscope,  galvanometer  and 

telephone  method 820 

electroscope 812 

galvanometer 813 

observed  and  calculated  values,  comparison.  . .  821 

telephone 814 

voltmeter 809 

methods  of  observation 812 

principle 811 

Cost,  artificial  transmission  line 1 141 

comparative  single-phase  power  generation 1348  1367 

insulator  testing,  telephone  method 1106 

municipal  lighting  and  railway  power,  Canada 64 

power,  Niagara 387 

per  kw-hr.,  public  utilities,  Canadian,  table 53 

single-phase,  Niagara 1307 

rolling  mill,  reversing  drive,  steam  vs.  electric 506 

Crest  voltmeters  (See  Voltmeters,  crest,  etc.) 

Currents,  impulse,  periodic  and  non-periodic  vs.  spacic  and  non- 

'  spacic 30 

theory 1 

boundary  conditions 25 

constants 23 

cumulative  oscillations 24 

distortion  constant 14 

energy  dissipation  constant 15 

energy  transfer  constant 15 

extremely  high  frequencies 22 

quarter- wave  osciUations 22 

terminal  conditions 23 

Cyclograph,  cathode  ray 141 

D-C.  railway  practise,  high- voltage  (See  Railways,  d-c.  etc.) 
Defense  vs.  water  power  developemnt  (Sec  Water  power  develop- 
ment, etc.) 
Depreciation  and  growth  (See  Growth  and  depreciation) 

Dielectric  strength,  absorption  phenomena 805 

air,  oil  and  solid  insulations 783 

variation  with  thickness,  explanation 804 

Dielectrics,  research  subjects 909 

Direct-current  machines,  iron  losses  (See  Iron  losses,  etc.) 

Distortion  factor,  diflFerentiaf,  definition 1157 

Distribution,  domestic  power,  commercial  and  engineering  stand- 
point    983 

individual    residence    transformers, 

advantages 992 

map  of  system 984 

underground,  3-conai|ctDr cable,  maximum  sizes l?3§ 
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Distribution,  underground  (continued) 

advantages 1209 

cable,  installing 1218 

sizes 1215 

conduit,  location 1220 

size 1230 

system 1219 

design,  load  records 1210 

economy,  factors  concerned 1213 

load  maps 1211  "1214 

location  of  trunk  ducts  under  service 

boxes 1224 

manholes,  fireproofing  cables 1232 

number 1232  1234 

paper-insulated  cable 1222 

reliability,  factors  concerned 1213 

schemes  of  distribution 1211 

steel  mills 1224 

disadvantages 1226 

duct  foundations 1227 

single  vs.  3-conductor  cable.  1228 

sub-surface  obstructions,  map 1221 

subway  equipment 1217 

system  subdivisions 1215 

transformer  vaults,  ventilation 1229 

Domestic  power,  distribution  systems  (See  Distribution,  domestic 
power,  etc.) 

Efficiency,  mechanism,  overall,  electric  truck 935 

Einthoven  galvanometer 217 

motion  of  string,  equation 237 

varying  frequency, 

curves 238 

Electric  circuit,  capacity  in  series,  application  of 29  31 

diagram 28 

voltage  and  current  equations  .  28 
drive,  rolling  mills,  reversing  (See  Rolling  mills,  reversing, 
etc.) 

heating  and  cooking,  some  features  of 1001 

lighting,  research  subjects 906 

machiner>',  specifications,  modern  standards  (Sec  Speci- 
fications, electric  machinery,  etc.) 
railroad,  Norfolk  and  Western,  Operation  (Sec  Railroad, 
electric,  etc.) 

truck,  overall  efficiency,  driving  mechanism 935 

valve,  frequency  range 135 

Electrical  apparatus,    temperature   rise,    effect   of   altitude    (Sec 
Temperature,  operating,  etc.) 
machinery,  temperature  distribution  (Sec  Temperature 
distribution,  etc.) 

research,  engineering  colleges,  suggestions 895 

utilities,    municipal,    Canadian,    western    (Sec    Public 
utilities,  etc.) 

Electrochemical  industries,  cooperative  power  development 391 

location,  factors  involved 389 

products,  brief  review  of 386 

various  products,  power  consumption .  387 

water  and  power  development,  interest  385 

Electrolysis,  coefficient  of  corrosion,  definition 301 

iron,  variation  of  potential  between   bonds  of  pipe  or 

rail 339 

water  rheostats 339 

and  lead,  advisability  of  reversing  trolley  poten- 
tials pcnodically 328 
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Electrolysis,  iron  and  lead  (continued) 

apparent    current    densities    met    in 

practise 329 

coefficient  of  corrosion,  various  condi- 
tions, curve 325 

complete  tests,  accuracy  of  results. ...        315 

arrangement  of  tests .  .        309 
chemicals     and     elec- 
trodes        311 

cleaning  of  electrodes. .       313 

conditions 310 

correction  and  reduc- 
tion factors 314 

current  measurements       314 

electrolyte  used 309 

frequency  and  current 

density 312 

iron  electrodes  in  so- 
dium carbonate  soil       320 
lead  electrodes  in    so- 
dium carbonate  soil       321 
60  and  15-cycle  tests . .        316 
1-sec.  and  6-sec.  period 

tests 316 

one    and    ten    minute 

period  tests 316 

One  hour,  48  hour  and 

weekly  period  tests .        317 
tabular    summary    of 

tests 319 

effect  of  circulation  of  electrolyte 305 

eflFect  of  circulation  of  electrolvte,  60- 

cycle  and  20-cycle  current  tatle ....        307 
eflFect  of  circulation  of  electrolyte,  24- 
hour  reversals,  table 308 

eflFect  of  current  reversal  on  resistance  336 
eflFect  of  ga*;  formation  in  electrolyte. 331  338 
eflFect  of  valency  of  metals  on  corrosion       333 

frequency  limit  of  corrosion 332 

influence  of  frequency 301 

main  causes 302 

pitting 335 

theories  advanced 303 

iron  embedded  in  concrete 336 

nickel  steel  alloys  and  boiler  plate 341 

various  alloys,  electrolyte  of  2  per  cent  sodium   car- 
bonate       340 

Electroscope,  corona  detection 812 

Exciters,  connection  scheme.  Public  Service  Electric  Co 703 

Experiments,    insulators,    porcelain    suspension    (See    Insulators, 
porcelain  suspension,  etc.) 

Faulty  cable  localizer 700 

Yoo(\  problem  vs.  water  power  development  (See  Water  Power 

development,  etc.) 
Frequency,  effect  on  electrolysis  of  iron  and  lead  (See  Electrolysis, 

iron  and  lead,  etc.) 
high,  suppression  of  surges,  use  of  parallel    grounded 
wires  (See  Wires,  parallel  grounded,  etc.) 

Future  of  water  power  in  the  United  States 249 

Galvanometer,  corona  detection 813 

Einthoven 217 

Generators,  3-phase,  protection,  opening  field  circuit,  diagram  of 

connections ^'-i^ 
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Genera tors»  3- phase  protection,  {continued) 

relays 636 

voltage  reduction,  opening  exciter 

field 638 

opening  gener- 
ator field .  . .  638 
a-c,  temperature  guarantees  (See  Temperature,  guar- 
antees, etc.) 

air-washer,  Public  Service  Electric  Co 713 

d-c,  speed-output  curves 515 

research  subjects 902 

single-phase,  theory 1332 

turbo,  temperature  conditions,  rotors 1497 

stators 1493 

Granite  block  road,  tractive  resistance,  motor  truck 943 

Grounded    neutral,    high-tension    transmission,  experiences    (See 
Transmission,  high-tension,  etc.) 

Growth  and  depreciation 1389 

anticipated  depreciation 1410 

contractors  profits 1417 

depreciation  definitions 1409 

fund,  allowable  return,  jus- 
tice of 1404 

expense  of  depreciation 141 1 

gold  depreciation  factor 1416  1418 

mcreasmg  investment,  ten  years 1396 

influen.ce  of  growth 1414 

investment  cost 1417 

liquid  depreciation  reserve  fund 1390 

per  cent  condition 1396 

reserve  fund,  laying  aside  and  use 1401 

structural  value 1411 

theoretical  depreciation 1410 

uniform  investment,  five  years 1392 

ten  years 1391 

value    cure,    composite    theoretical,    St. 

Louis  United  Railways 1398 

Harmonics,  high-tension  transmission,  neutral  grounded 596 

Heat,  radiation,  laws 601 

conduction,  laws 603 

convection,  laws 603 

Lorenz  law 604 

dissipation,  tank  surfaces,  calculation 610 

Heating,  electric,  load  factor 1002 

power  rates 989 

Helmholtz  formula,  resonance,  spherical  cavity 226 

High  frequency  surges,  suppression  by  parallel  grounded  wires  (See 

Wires,  parallel  grounded,  etc.) 
High-tension  insulators,  defective,  testing  for  (See  Insulators,  high 
tension,  defective,  etc.) 

High  voltage,  measurement 119 

Illumination,  Panama-Pacific  International  Exposition 757 

P.  I.  E.,  art  gallery,  non-glare 767 

artistic  reflections,  flood  and  relief  lighting . .  776 

banner  and  cartouche  lighting  standards. . .  .  763 

cascade  lip;hting,  concealed 777 

changeability  of  effects 778 

combination  fountain  and  light  sources 771 

curvature,  preservation 777 

electric  kaleidoscope 765 

c\ectnc-sleam  eoVot  scintillator 762 

gencTa\\vg,\\t\tv^«LTv^V^'«^'f  ^^'^^ 780 

ground  and  ^>xv\^\tv^V^w,  ,.>.,.., "CV^ 
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Illumination,  P.  I.  E.  (continued) 

high  bay  lighting 769 

large  auditoriums*  indirect  lighting 766 

"life- within"  eflFects 770 

"Novagem"  jewels 761 

open  court  lighting,  creation  of  mystery ....  776 

relief  wail  lighting,  concealed  sources 773 

total  power,  gas  and  electric 759 

tower  illumination 760 

Impulse  currents,  theory 1 

general 10 

non-periodic 12 

periodic 17 

types  of  current 2 

distributed  con.stants  in 

a-c.  circuit  9 

d-c.  circuit  5 
massed  constants  in  d-c. 

circuit ....  4 

Induction  apparatus,  temperature  rise,  effect  of  altitude 599 

Inductive  interference,  analysis  of  noise  currents 1092 

angular  crossings 1094 

barrelling,  contmuous  and  non-continuous .  1058 
coefficients,     determination,      instrument 

diagram 1 1 75 

various  generators 1 176 

committee  report 1171 

continuous  corona  discharge 1089 

crossovers 1062 

cross-talk 1061 

discontinuity  points 1061 

factors  involved 1052 

future  prospects 1054 

generator  wave  form 1088 

grounded  neutral  systems 1063 

star-star  and  star- 
delta 1064 

higher  harmonics 1055 

metallic  balanced  circuits 1 178 

parallelism,  data  required 1078 

exposure  chart . .  1080 
general     route 

map 1085 

power  circuit  dia- 
gram   1082 

symbols  used .  . .  1084 
particular     cases     solved,     system     with 

grounded  neutral  at  one  point  only 1071 

particular  cases  solved,  ungrounded  power 

system 1075 

penalizing    harmonics,    eflFect    on    cost    of 

generators 1 180 

power  circuit  factors  to  be  considered 1053 

practical  problem 1051 

series  impedance  in  power  circuit 1088  1093 

spacing  and  configuration  of  power  wires .  .  1056 

telephone  circuits,  drainage  devices 1183 

transpositions,  exposed  line  systems 1065 

particular  cases  solved,  three 

power  circuits tOft.^ 

power    atvd   X.eV^'^Voxv^    ^\x- 

cuits ^»^:jj. 

rotation  ol ^^^^ 
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Inductive  interference,  transpositions  {continued) 

whole-line 1067 

unbalanced  exposure 1060 

unusual  conditions  on  power  circuits 1055 

wave  form,  efect  of  length  of  transmission 

line 1181 

transmission   network   compli- 
cations  ' 1182 

Industrial  power,  research  subjects 907 

research,   relation   of   pure   science    (President   Carty's 

address) 479 
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telephone  receiver  test,  appara- 
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methods 1102 
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fication of  noises 1 101 

telephone  receiver  test,  cost. ...  1 106 
telephone  receiver  test,  defec- 
tive pin-type 1 126 

telephone  receiver  test,  depre- 
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voltage  duty 1116 

wireless  set  test 1110 

porcelain,  design,  requirements  to  be  observed 1193 

suspension,  acceptance  vs.  service  durability.  1438 
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cementing  pin,  effect 1440 

detecting  porosity 1442 

durability 1437 
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Insulators,  porcelain,  suspension  {continued) 

experiments  on 1453 
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high-voltage  meg- 
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moisture  effects. .  1461 
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studies 1458 
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wet  process,  advantages  and  dis- 
advantages   1448 
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surface  leakage 741 
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resistance  recorder 712 
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graded,  voltage  distnbution  curves 751 
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theory 746 
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metallic  attachments,  effect  on  stress 1469 

moisture  absorption,  rate 1470 

surface  spark-over 790 

testing,  laboratory  method 737 

megger  and  others 735 

method,  cost 736 

ungraded,  voltage  distribution  curves 750 

Interference,  inductive  (See  Inductive  interference,  etc.) 

use  of  arcing  ground  suppressor 720 
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and  value 1375 

forms 1382  to  1386 
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Inventories,  continuous,  preparation  {continued) 

work  orders 1380 

value  and  use 1375 

Inventory  and  appraisal  "appreciation  value" 1424 

classification  as  to  use 1372 

going  value 1374 

preparation,  change  sheets,  value  of 1408 

"present  worth" 1426 

"property  growth" 1428 

property  used  and  useful 1371 

recent  decisions,  effect  of 1369 

reproduction  value  vs.  original  value ....  1370 

true  valuation  factors 1373 

value  new  vs.  depreciated  value 1371 

value  not  cost 1370 

Iron  losses,  d-c.  machines 261 

armature  ring,  full  load 281 

losses 267 

tooth  loss,  full  load 282 

no  load 268 

calculation,  equation    for    increased    air 

gap,  no  load 275 

classification  of  core  losses 262 

commutating  and  non-commutating  pole  287 

compensating  winding, disad van tages.296  298 

eddy  current  losses,  divided  conductors .  291 

effect  of  frequency .  .  295 

eddy  currents  in  copper,  full  load 283 

effect  of  filing  and  of  pressure,  armature 

core 265 

effect  of  high  copper  loss  on  core  loss, 

curve 271 

effect  of  open  slots  on  flux  density,  no- 
load 276 

effect  of  shearing,  punching  and  bending 

armature  core 264 

laminations,  effect  of  excessive  pressure .  .  294 
I)ole  face  losses,  determination  by  special 

homopolar   generator .  297 

full  load. 284 

due   to   armature   slots, 

equation,  no-load ....  277 

stray  losses,  full  load 284 

no-load 278 

tufting  or  bunching  of  flux,  pole  face ....  267 

variables  to  be  considered 263 

railway  motors 289 
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Norfolk  and  Western  Railway 167 

railwav  service,  construction 167 
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Liquid  rheostat,  railway  service  (continued) 

cooling  tower 171  172 
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functions 167 

horizontal  arrangement  of  tanks.  170 

schematic  connection  diagram ...  168 

section  diagram 169 

Macadam  road,  tractive  resistance,  motor  truck 944 

Machinery,  electric,  specifications,  modern  standards  (See  Speci- 
fications, electric  machinery,  etc.) 

Measuring  instruments,  research  subjects 907 

Megger,  test,  insulators,  defective 1097 

tests,  suspension  insulators   (See  Insulators,   suspension, 
testing,  etc.) 
Motor  truck,  tractive  resistances,  different  roads  and  speeds  (See 

Tractive  resistances,  trucks,  etc.) 
Motors,  d-c,  reversing  rolling  mill  drive  (See  Rolling  mills,  revers- 
ing, etc.) 

induction,  protection,  after  service  interruptions 640 

oil  wells 539 

a-c.  vs.  d-c.  equipment 540 

all  operations,  total  power  consumption  curve. . .  .  544 

convenience 553 

drilling 540 

wiring  diagram 545 

and  bailing,  power  curve 543 

elevation  and  plan  of  equipment 541 

lifting  tubing,  h.p.  required,  formula 548 

mechanical  efficiency  of  rig,  approximate 549 

pumping,  pulling  and  cleaning 546 

"spudding  in"  casing,  power  curve 542 

two-motor  equipments 552 

two-speed  type,  diagram  of  connections 551 

Y-delta  and  two-speed  types 550 

research  subjects 902 

rolling  mill  drive,  reversing  (See  Rolling  mills,  reversing, 
etc.) 

synchronous,  protection,  after  service  interruption 641 

Mt.  Whitney  Power  &  Elec.  Co..  report  on  grounded  neutral 577 

Multi- recorder,  use  by  Public  Service  Electric  Co 712 

N.  Y..  N.  H.  &  H..  single-phase  problem 1295 

.\itrogen,  fixation  (See  Water  power  development,  etc.) 

Non-grounded  neutral  system,  isolating  transformers 717 
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Oil  circuit  breakers,  rupturing  capacities  (See  Circuit  breakers,  oil, 
etc.) 
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spark-over  voltages,  needle  gaps 791 

wells,  motor  equipment  (See  Motors,  oil  wells,  etc.) 

Oscillation  transformer,  testing  for  defective  insulators 1096 

Oscillator  testing,  porcelain  insulators 743 

Oscillograph,  Bennet,  small  current 1 132 

Pacific  Light  &  Power  Co.,  report  on  grounded  neutral 571 

transmission  lines,  plan  ......  572.  574  575 

Panama- Pacific  International  Exposition,  illumination 757 

Penn.  Water  &  Power  Co.,  grounded  neutral  report 561 
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suspension,  durability  (See  Insulators,  porce- 
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suspension  insulators,  experiments  on  (See  Insulators, 

porcelain  suspension,  etc.) 
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Inventoriis,  lontinuous,  preparation  {continued) 
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value  and  use 1375 
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going  value 1374 
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value  not  cost 1370 

Iron  looses,  d-c.  machines 261 
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no  load 268 

calculation,  equation    for    increased    air 

gap.  no  load 275 
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commutating  and  non-commutating  pole  287 
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lectin.  Water  I.V'  Power  Co.,  grcamdccl  neutral  report  5()1 

Phenomena,  a-c..  caUulation  of.  j)olar  f(»rni  (.onijjlex  (|uantities  957 

Phon<  )t'r;iniue  .ilnhabet .  wri  t  ini"^  niaehine  2  I  ■*> 


66  TOPICAL  INDEX 

Protection,  service,  Public  Service  Electric  Co.  {continued) 
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scheme 703 

experience 695 
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scheme 701 
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relays 707 

resistance      bulbs 
and    t  h  e  r  m  o- 

couples 713 
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Public  Service  Electric  Co.,  plan  transmission  system 570 
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mission  sys- 
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experience 695 
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Power,  single-phase,  phase  converter  {continued) 
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efficiency 1348 
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suppressor 699 
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coherer  alarm  de- 


58  TOPICAL  INDEX 

Railways,  d-c,  high- voltage  {continued) 

Chicago,  Milwaukee  &  St.  Paul,  collec- 
tion system 3(>(J 

control 349 
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auxiliary  devices 350 

drum 354 

operation  on  two  voltages 361 

early  predictions 361 

line  construction 356 
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motors 348 
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switching 355 
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off-peak  requirements,  disadvantages 998 
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reverse-current 597 
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first  cost 532 
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generators 529 
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shaft  strength 522 
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Specifications,  electrical  machinery,  temperature  {continued) 
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temperature-time  curves 1284 

tests,  modern  standards 1259 

Speech,   true  nature 213 

brain  cell  analogy  to  Baudot  system  of  tele- 
graphy    234 

conlparison  of  English,  phonographic  and  sub- 
marine cable  alphabet,  table 227 

definition 2V\ 

harmonic  vs.  absolute  pitch  theory 243 

Helmholtz  formula,  resonance  spherical  cav- 
ity   226 

natural  alphabet,  pattern  forms 219 

phonographic     alphabet     writing     machine, 

operation 230 

]>honographic     alphabet      writing     machintj 

wiring  diagram  and  arrangement ^  228 

phonographic  records,  approximations '  236 

selenium  cell 235 

speech  and  voice,  distinction 216 

string  galvanometer,  motion  equation 237 

vowels  and  consonants,  definition 215 

whispered  speech,  acousticon  transmitter. ...  217 

pattern  pictures 218 

written  and  spoken  language 216 

Standardization,  national  and  international 489 

Steel  conductors,  transmission  lines  (See    Transmission,    conduc- 
tors, steel,  etc.) 

Stefan-Boltzman  law,  heat  radiation 601 

Surges,  electrical  measurement  of 107 

Switches,  sequence  of  action,  multi-recorder 712 

Telephone  receiver  test,  defective  insulator 1097 

femperature,  ambient 1261 

distribution,  armature,  equalization  of  temperature.  1480 

heat  flow  through  iron 1477 

to  air 1478 

many  conductor  coils 1486 

coil 1473 

lateral  heat  flow 1475 

locating  thermo-couples.  1476 

longitudinal  heat  flow.  .  .  1473 

electrical  machinery 1471 

heat  flow  rules ....  1471 
guarantees,  a-c.  generators,  armature     current     vs. 

field  current  1498 

rise  vs.  load..  .  1492 

heat  flow  calculations. .  1495 

inconsistent  guarantees.  1491 

low  rise,  advantage.  .  .  .  1492 

permissible  rises 1490 

rotor,  rise  vs.  volts  drop.  1497 

thermal  drop  formula  .  .  1496 

exciting  current  limit 1520 

fallacies 1481 
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Rolling  mills,  reversing  (conUnued) 

steam  drive,  steam  consumption 507 

5000-k  w. 
turbine       509 
vs.  electric  drive,  boiler     capacity 

factor 520 

speed  curves. .  . .       510 

Selenium  cell 235 

Service,  restoration,  a-c.  distribution  feeders,  diagram     of     relay 

connections 645 

oscillograms  of  6600- 
volt  system  opera- 
tion        647 

after  necessary  interruption 635 

generator   protec- 

*  tion 636 

induction  motor 

protection 640 

synchronous  con- 
verter protec- 
tion        640 

synchronous  mo- 
tor protection..       641 

generator  protection,  relays 636 

•  voltmeter  charts  showing  effect  of  lightning 

strokes 644 

Single-phase  power,  power  company's  problem  (See  Power,  single- 
phase,  etc.) 
production 1315 

Slip,  chattering  wheel,  electric  motive  power  (See  Wheel  slip,  etc.) 

Sparking  probe 1 132 

Spark-over  voltages,  air,  etc.  (See  Air,  spark-over  voltages,  etc.) 

oil  (See  Oil,  spark-over  voltages,  etc.) 

Specifications,  electrical  machinery,  ambient   temperature,   accep- 
tance tests 1264 

ambient  temperature  of  refer- 
ence       1261 

insulation,  intensified  aging.  .      1274 

loss  per  degree  air  rise 1282 

loss   per  degree  air  rise,   cm- 
bedded  detectors 1283 

maximum      shade      tempera- 
tures, various  locations ....      1263 
open-circuit  and  short-circuit 
lo.sses,   3-phasc,    Ti-pole  al- 
ternator       1281 

rtjom-teniperature,    effect    on 

temj)erature  rise 1260 

temperature,  circulating  air.  .      1276 
limits,    compari- 
son,      British 
and  American 
Rule*;..  .  .1280      1287 
rise,      correction 

factors 1207 

rise,  emljedded 

detectors.  .   .  .      1267 
rise,     equivalent 
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Transformers  {continued) 

temperature  guarantees 1508 

rise,    calculation   (See    Temperature, 
operating,  stationary  induction  ap- 
paratus, etc.) 
rise  effect  of  altitude,  formulas  recom- 
mended         025 

general  equa- 
tion         014 

test  on  r25-kw., 
11000-2300 
volt  transfor- 
mer         029 

Transient  voltages,   insulator  failures   (Sec   Insulators,   transient 

voltages,  etc.) 
Transmission  Committee  Report,  "Effect  of  Altitude  on  Operating 

Temperature" 555 

**  Experience      with      Grounded 
Neutral     on      High-Tension 

Transmission  Lines" 560 

conductors,  steel 1237 

100,000-volt  lines 1247 

a-c.  vs.  d-c 1238 

branch  lines 1245 

copper  clad 1253 

corona  limit  values 1258 

cost  relative  to  copper 1246     1257 

damping  of  surges 1243 

examples 1248 

internal   reactance   curves 1243 

length    of   spans 1244 

resistance  curves 1239  to     1242 

scrap  value   and   corrosion 1252 

spiraling,     effect      on      magnetiza- 
tion  1242     1244 

steel-copper  joints 1256 

trolley  wires 1251 

d-c,  high-tension,  advantages 802 

high-tension,  defective  insulators,    testing  for  (See 

Insulators,  high-tension,  defective, 
etc.) 
grounded  neutral,  advantages  of  gen- 
erating station  ground 592 

grounded  neutral,  Alabama  Power  Co       581 

Chicago  &  Inter- 
urban      Traction 

Co 580 

experiences 500 

J.  G.  White  Engi- 
neering Corpora- 
tion          581 

metallic     grid      vs. 

water  resistance. .       593 
Mt.  Whitney  Power 

&  Elec.  Co 577 

Pacific    Light     & 

Power  Co 571 

Penn.     Water    & 

Power  Co 561 

Penn.  Water  & 
Power  Oo., 
ground  cun  en  t  os- 
cillograms        565 
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Transmission,  high-tension,  grounded  neutral  {continued) 

Penn.     Water    & 
Power  Co.,  resist- 
ance   and    react- 
ance tables. . . .  567       568 
Penn.     Water    & 
Power  Co.,  single- 
wire  grounds ....        566 
Public  Service  Elec- 
tric Co 569 

Puget  Sound  Trac- 
tion,   Light    & 

Power  Co 579 

The  Colorado  Pow- 
er Co 579 

The  Montana  Pow- 
er Co 579 

Toronto  Power  Co.       578 
Utah       Power       & 

Light  Co 579 

Victoria     Falls     & 
Transvaal  Power 

Co.,  Ltd 590 

quarter- wave  oscillations 22 

transient  voltages,  insulator  failures. .      1187 

origin 1188 

research  subjects 905 

lino,  artificial,  adjustable  constants 1137 

costs 1141 

bibliography 1 149 

condensance  element 1140 

distributed  and  lumpy  types 1150 

experiments,  resonance 1145 

sudden    impressed    im- 
pulses       1142 

voltage      and      current 

along  line 1143 

inductance  element 1140 

instruments 1141 

resistance  element 1109 

wiring  diagram 1 138 

parallel  grounded  wires,  theory  and  use  (See 

Wires,  parallel  grounded,  etc.) 
poles,  protection  against  lightning,  grounded 

vertical  w^ire 849 

Transportation  problem  vs.  water  power  development  (See  Water 

power  development,  etc.) 
United  Electric  Light  &  Power  Co.,  201st  St.     Station,     N.     Y., 

N.   H.    &  H.    supply,   dia- 
gram of  connections 1298 

West  Farms  substation,  N. 
Y.,  N.  H.  &  H.  supply, 
diagram  of  connections ....      1299 

Utah  Power  &  Light  Co.,  report  on  grounded  neutral 579 

Underground  distribution  system?  (See  Distribution,  underground, 
etc.) 

Ventilation,  turbo-generators,  amount  of  air  passed 1519 

Victoria  Falls  and  Transvaal  Power  Co.,  Ltd.  report  on  grounded 

neutral 590 

Voltage,  high,  measurement 119 

cathode  ray  cyclograph 141 

connections  for  a  300-kw.  300,000  volt 

test ^^^. 
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Voltage,  high,  measurement  {continued) 

corona   method 1,36 

crest  voltmeter  method,  errors  intro- 
duced   125 

determination  of  crest  factors 121 

diagram  of  connections 120 

electrostatic  vs.  oscillograph 132 

experimental  apparatus 119 

impulse  transformer  method 130 

methods 127 

necessity  for  satisfactory  standard ....  139 

secondary  and  tertiary  voltages 122 

secondary  voltage  by  crest  voltmeter . .  124 

sphere  gap  method 128 

rises,  coherer  alarm  device 714 

Voltmeter  coil,  testing  transformers 117 

testing  accuracy 143 

corona 809 

50,000- volt  type 818 

100,000- volt  type 815 

calibration 822 

permanence 829 

comparison  with  sphere  gap  readings 842 

dimensions 831 

ionization,  effect 841 

method  of  measurement 827 

pressure  type 838 

vs.  temperature,  table  of  values 828 

crest 99  109 

accuracy 113 

advantages 115 

over  needle  and  sphere  spark  gaps 110 

applications 1 15 

calibration 113 

construction Ill 

desirable  characteristics 109 

diagram  of  connections 103  111 

electrostatic  type 133 

construction 134 

galvanometer  deflections  vs.  crest  voltages,  propor- 
tionality   105 

historical 1 10 

necessity  of 99 

operation 112 

possibility  of  measuring  surges 107 

rotating  vs.  hot  cathode  rectifiers 114 

testing,  built-up  waves,  diagram 104 

transformer,  variation  of  crest  factor 101 

wave  form 101 

distortion 100 

Washington  Water  Power  Co.,  protection  features 1195 

Water  heating,  electric 1008 

high  power  factor  heater,  description 1012 

rates 1009 

wiring  diagram  of  range 1009 

])ower,  future  in  U.  S 249 

development,  electrochemical  industries,  interest  of 

(See  Electrochemical  industries,    etc.) 
development,    electrochemical    industries,     freight 

rates  vs.  power  costs 421 

development,  electrochemical  industries,   part  time 

operation 459 
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wiring  diagram 1138 

parallel  grounded  wires,  theory  and  use   {See 

Wires,  parallel  grounded,  etc.] 
IMjles,   protection  against  lightning,   grounded 

vertical  wire H49 

Transportation  problem  vs.  water  yjower  development  (Sec  Water 

power  develn]inicnt,  etc.) 
fnited  Electric  Liglil  &  Power  Co..  201st  .St.      Station,      N,      V.. 
N.    H.    &   It.    supply,   dia- 
gram of  connections I29S 

West  Farms  sub.station.  N, 
v.,  N.  H.  &  H.  supply, 
diagram  of  ciinncilions ...      1 299 

Utah  Power  &  Light  Co.,  report  on  grounded  neutral ,57!) 

Underground  distribution  system:-  (.See  Distribution,  un.lert;ri>unil. 

Ventilation,  turbo-generati,rs,  amount  of  air  passed 1519 
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Vollage,  high,  measurement 119 
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Wheel  slip,  chattering  (continued) 

recording  device 177 

use  of  extensometer 178 

Wires,  overhead,  induced  charges,  movements 875 

grounded,  analysis  of  uses 848 

arrangement 882 

calcu&tions  of  protection  afforded ....  854 
charge  induced  on  single  wire,  effect 

of  height 855 

charge  induced  on  single  wire,  effect 

of  size 857 

cost 883 

general  problems  of  the  parallel  wire. . .  85 1 

instantaneous  induced  potential,  laws .  860 

oscillating  surges 871 

protection,  two-parallel 868 

vertical  arrangement 865 

and  potential  ratios,  equa- 
tions    885 

protective  effect  to  parallel  circuits. .  . .  889 

screening  effect 863 

one  parallel  wire..  864 
self-inductance,     natural     frequency, 

critical  resistance,  etc 871 

theory  and  use 845 

transposition,  high  frequency  effect .  . .  878 

travelling  waves,  absorption  of 876 

ungrounded,  induct  charge 858 

screening  of  energy  by  several  wires  861 

Wood-block  roads,  tractive  resistances,  motor  truck 942 
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lent  {continued) 

financial  aspect 441 

combination  of  various 

sources  of  power.  .  .  446 
effect  of  laws  and  prec- 
edents   445 

excessive   promoter 

charges 462 

installation,  initial  ul- 
timate capacity ....  447 

food  problem 39.*^ 

agricultural  aspect 396 

fertilizer  distribution    in 

1909 401 

harvest  statistics 400 

importation  of  fertilizer.  398 

manufacture  of  fertilizers  397 
potash     and     phosphate 

extraction 399 

nitrogen,  fixation,  Cyanamid  process.  438 

du  Pont  process.  .  .  438 
utilization  of  pres- 
ent   electric    in- 
stallations    436 

possible  nitrogen  sources,  coking  in- 

dustrv 466 

transportation  problem 403 

transportation  problem,  canal  vs.  rail- 
road construction,  cost 414 

transportation   problem,   construction 

of  dams 409 

transportation    problem,    permissible 

hydroelectric  investment 411 

transportation     problem,    permissible 
hydroelectric    investment  stand-by 

steam  plant 412 

transportation  problem,  railroad  fuel 

cost  vs.  total  operating  expense  ....  406 
transportation  ^jroblem,  railroad  oi)er- 

ating  expenses 404 

transportation    problem,    steam    loco- 
motive vs.  electric  power 427 

transportation  |)roblem,  steam  power 

cost,  recent  improvement 40S  423 

trans|)ortation     problem,     steam     vs. 

electricity,  average  cost lOo 

\'s.  defense 431 

nitrate  im])ortati<)ii A\V1 

coniUHtions,  cliecking 1.S.3  192 

by  oj^ening  suy)i)l\'  203 

classilicalion 184 

effect  of  unbalanced  load  208 

equation  verification 190 

I)<)ssible  arrangements 18') 

rate  of  rotation,  etjiiations.  187 

two  wattmeter  clu'ck 210 

with  voltage  transformers.  .  197 

actor.. 1  loC) 

idmittance  type I  lo.') 

nductive  interference,  committee  report.  .  .  1171 

characteristic  diaii:raiii \~>^ 
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